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PRCXiRESS  REPORT  OF  STREAM  MEASUREMENTS 
FOR  THE  CALENDAR  YEAR  1905. 


PART  xni. 


By  W.  B.  Clapp  and  J.  C.  Hoyt. 


INTRODUCTION. 
ORGANIZATION   AND   SCOPE   OF   WORK. 

The  hydrographic  work  of  the  United  States  Geological  Survey  includes  the  collection  of 
facts  concerning  and  the  study  of  conditions  affecting  the  behavior  of  water  from  the  time 
it  reaches  the  earth  as  rain  or  snow  until  it  joins  the  oceans  or  great  navigable  rivers.  These 
investigations  became  a  distinct  feature  of  the  work  of  the  Survey  in  the  fall  of  1888,  when 
an  instruction  camp  was  established  at  Embudo,  N .  Mex.  The  first  specific  appropriation 
for  gaging  streitms  was  made  by  the  act  of  August  18,  1894,  which  contained  an  item  of 
$12,500  "for  gauging  the  streams  and  determining  the  water  supply  of  the  United  States, 
including  the  investigation  of  undei|!;round  currents  and  artesian  wells  in  the  arid  and  semi- 
arid  sections."     (28  Stat.  L.,  p.  398.) 

Since  that  time  the  appropriations  have  been  gradually  increased,  as  shown  by  the 
foUowing  table: 

Annual  appropriaiion  for  hydrographic  surveys y  fiscal  years  ending  June  SO,  1896  to  1906. 


ms 

112,500 

1901 

$100,000 

1896 

20,000 

1902 

100,000 

1897 

50,000 

1903 

200,000 

1898 

60,000 

1904 

200,000 

18W 

50,000 

1905 

200,000 

1900 

50,000 

1906 

200.000 

As  a  result  of  the  increased  appropriations  the  work  has  been  greatly  extended,  and  at  the 
same  time  it  has  been  more  thoroughly  systematized  by  the  adoption  of  standard  methods 
and  by  grouping  the  States  into  districts,  in  each  of  which  a  district  hydrographer  and  a 
corps  of  assistants  carry  on  a  comprehensive  study  of  the  hydrographic  resources. 

The  chief  features  of  the  hydrographic  work  are  the  collection  of  data  relating  to  the  flow 
of  the  surface  waters  and  the  study  of  the  conditions  affecting  this  flow.  Information  is  also 
collected  concerning  river  profiles,  duration  and  magnitude  of  floods,  water  power,  etc., 
which  may  be  of  use  in  hydrographic  studies.  This  work  includes  the  study  of  the  hydrog- 
raphy of  every  important  river  basin  in  the  United  States  and  is  of  direct  value  in  the  com- 
mercial and  agricultural  development  of  the  country. 

In  order  to  collect  the  material  from  which  estimates  of  daily  flow  are  made,  gaging  sta- 
tions are  established.  The  selection  of  a  site  for  a  gaging  station  and  the  length  of  time  it 
is  maintained  depend  largely  on  the  physical  features  and  the  needs  of  each  locality.  If 
the  water  is  to  be  used  for  power,  special  efl'ort  is  made  to  obtain  information  concerning 

1 
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the  minimum  flow;  if  water  is  to  be  stored,  the  maximum  flow  receives  special  attention. 
In  all  sections  of  the  country  permanent  gaging  stations  are  maintained  for  general  statis- 
tical purposes,  to  show  the  conditions  existing  through  long  periods.  They  are  also  used 
as  primary  stations,  and  their  records,  in  connection  with  short  series  of  measurements, 
serve  as  bases  for  estimating  the  flow  at  other  points  in  the  drainage  basin. 

During  the  calendar  year  1905  the  division  of  hydrography  has  continued  measuring  the 
flow  of  streams  on  the  same  general  lines  as  in  previous.years.  Many  new  and  improved 
methods  have  been  introduced,  by  which  the  accuracy  and  value  of  the  results  have  been 
increased.  Approximately  800  regular  gaging  stations  were  maintained  during  the  year, 
and  an  exceptionally  large  number  of  miscellaneous  measurements  and  special  investiga- 
tions were  made.  The  "  Report  of  Progress  of  Stream  Measurements,"  which  contains  the 
results  of  this  work,  is  published  in  a  series  of  fourteen  Water-Supply  and  Irrigation  Papers, 
Nos.  165-178,  as  follows: 

No.  165.  Atlantic  coast  of  New  England  drainage. 

No.  166.  Hudson,  Passaic,  Raritan,  and  Delaware  river  drainages. 

No.  167.  Susquehanna,  Gunpowder,  Patapsco,  Potomac,  James,  Roanoke,  and  Yadkin  river  drainages. 

No.  168.  Santee,  Savannah,  Ogeeehee,  and  Altamaha  rivers  and  eastern  Oulf  of  Mexico  drainages. 

No.  169.  Ohio  and  lower  eastern  Mississippi  River  drainages. 

No.  170.  Great  Lakes  and  St.  Lawrence  River  drainages. 

No.  171.  Hudson  Bay  and  upper  eastern  and  western  Mississippi  River  drainages. 

No.  172.  Missouri  River  drainage. 

No.  173.  Meramec,  Arlcansas.  Red,  and  lower  western  Mississippi  river  drainages. 

No.  174.  Western  Oulf  of  Mexico  and  Rio  Grande  drainages. 

No.  176.  Colorado  River  drainage. 

No.  176.  The  Great  Basin  drainage. 

No.  177.  The  Great  Basin  and  Pacific  Ocean  drainages  in  California. 

No.  178.  Columbia  River  and  Puget  Sound  drainages. 

These  papers  embody  the  data  collected  at  the  regular  gaging  stations,  the  results  of  the 
computations  based  on  the  observations,  and  such  other  information  as  may  have  a  direct 
bearing  on  the  study  of  the  subject,  and  include,  as  far  as  practicable,  descriptions  of  the 
basing  and  the  streams  draining  them. 

For  the  purpose  of  introducing  uniformity  into  the  reports  for  the  various  years  the 
drainages  of  the  United  States  have  been  divided  into  eleven  grand  divisions,  which  have 
been  again  divided  into  secondary  divisions,  as  shown  in  the  following  hst.  The  Progress 
Report  has  been  made  to  conform  to  this  arrangement,  each  part  containing  the  data  for 
one  or  more  of  the  secondary  divisions.  The  secondary  divisions  have  in  most  cases  been 
redivided,  and  the  facts  have  been  arranged,  as  far  as  practicable,  geographically. 

LiM  of  drainage  basins  in  the  United  States. 

NORTHERN  ATLANTIC  DRAINAGE   BASINS. 


St.  John. 

St.  Croix. 

Penobscot. 

Kennebec. 

Androscoggin. 

Presumpsoot. 

Saco. 

Merrimac. 

Connecticut. 

Blacks  tone. 


Thames. 

Housatonio. 

Hudson. 

Passaic. 

Raritan. 

Delaware. 

Susquehanna. 

Potomac. 

Minor  Chesapeake  Bay. 

Minor  Northern  Atlantic 


SOUTHERN  ATLANTIC  DRAINAGE  BASINS. 


James. 

Chowan. 

Roanoke. 

Tar. 

Neusc. 

Cape  Fear. 


Great  Pedee  (Yadkin). 

Santee. 

Savannah. 

Ogeeehee. 

Altamaha. 

Minor  Southern  Atlantic. 
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DEFrNTTlONS. 


Suwanee. 

ApalachicolBi. 

Mobile. 


Low«r  eastern 
Ohio. 


EASTERN  GXTLT  OF  MEXICO  OBAINAOE  BASINS. 


Pearl. 

Minor  Eastern  Qulf  of  Mexico* 


EASTEBN  MISSISSIPPI  RIVEB  DRAINAQB  BASINS. 

ippi.  I  Upper  eastern  MisaissippL 


ST.  LAWRENCE  RIVER  DRAINAOE  BASINS. 


Lake  Soperior. 
Lake  Michigan. 
Lake  Huron. 
Lake  St.  CUdr. 
Lake  Erie. 


Niagara  River. 

Lake  Ontario. 

Lake  Champlain  (Rlchdleu  River). 

Minor  St.  Lawrence. 


WESTERN  MISSISSIPPI  RIVER  DRAINAOE  BASINS. 


Upper  western  Missiaaippi. 

Missouri. 

Meramec. 


Lower  western  Mississippi. 

Arkansas. 

Red. 


Sabine. 
Keches. 
Trinity. 
Brazos. 
Colorado  (of  Texas). 


Wasatch  Mountains. 
Humboldt. 


Southern  Pacific. 
San  Francisco  Bay. 
Northern  Pacific. 


WESTERN  GULF  OP  MEXICO  DRAINAOE  BASINS. 

Guadalupe. 

San  Antonio. 

Nueces. 

Rio  Grande. 

Minor  Weetenr  Gulf  of  Mexico. 

COLORADO  RIVER  DRAINAOE   BASIN. 
THE  OREAT  BASIN. 

I  Sierra  Nevada. 
Minor  streams  in  Great  Basin. 

PACIFIC  COAST  DRAINAGE  BASINS. 


Columbia. 
Puget  Sound. 


HUDSON  BAT  DRAINAOE  BASINS. 

BETTNITIONS. 

Tlie  volume  of  water  flowing  in  a  stream,  the  *' run-off "  or  ''discharges,"  is  expressed  in 
various  terms,  each  of  which  has  become  associated  with  a  certain  class  of  wori^.  These 
terms  may  be  divided  into  two  groups — (1)  those  which  represent  a  rate  of  flow,  as  second- 
feet,  gallons  per  minute,  miner's  inch,  and  run-off  in  second-feet  per  square  mile;  and  (2) 
those  which  represent  the  actual  quantity  of  water,  as  run-off  in  depth  in  inches  and  acre- 
feet.    They  may  be  defined  as  follows: 

"Second-foot"  is  an  abbreviation  for  cubic  foot  per  second,  and  is  the  quantity  of 
water  flowing  in  a  stream  1  foot  wide,  1  foot  deep,  at  a  rate  of  1  foot  per  second.  It  is 
generally  used  as  a  fundamental  unit  from  which  others  are  computed. 

"GaUons  per  minute"  is  generally  used  in  connection  with  pumping  and  city  water 
supply. 

Tlie  "miner's  inch"  is  the  quantity  of  water  that  passes  through  an  orifice  1  inch  square 
under  a  head  which  varies  locally.  It  has  been  commonly  used  by  miners  and  irrigators 
throu^out  the  West,  and  is  defined  by  statute  in  each  State  in  which  it  is  used.  In  most 
States  the  California  miner's  inch  is  used,  which  is  the  fiftieth  part  of  a  second-foot. 
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**  Second-feet  per  square  mile  "is  the  average  number  of  cubic  feet  of  water  flowing  per 
second  from  each  square  mile  of  area  drained,  on  the  assumption  that  the  run-off  is  distributed 
uniformly,  both  as  regards  time  and  area. 

"Run-off  in  inches"  is  the  depth  to  which  the  drainage  area  would  be  covered  if  all  the 
water  flowing  from  it  in  a  given  i>eriod  were  conserved  and  uniformly  distributed  on  the 
surface.  It  is  used  for  comparing  run-off  with  rainfall,  which  is  usually  expressed  in  depth 
in  inches. 

"Acre-foot"  is  equivalent  to  43,560  cubic  feet,  and  is  the  quantity  required  to  cover  an 
acre  to  the  depth  of  1  foot.  It  is  commonly  used  in  connection  with  storage  for  irrigation 
work.  There  is  a  convenient  relation  between  the  second-foot  and  the  acre-foot.  One 
second-foot  flowing  for  twenty-four  hours  will  deliver  86,400  cubic  feet,  or  approximately 
2  acre-feet. 

EXPLANATION    OF  TABLES. 

For  each  regular  gaging  station  are  given,  as  far  as  available,  the  following  data: 

1.  Description  of  station. 

2.  List  of  discharge  measurements. 

3.  Gage-height  table. 

4.  Rating  table. 

5.  Table  of  estimated  monthly  and  yearly  discharges  and  run-off,  based  on  all  the  facts 
obtained  to  date. 

The  descriptions  of  stations  give  such  general  information  about  the  locality  and  equip- 
ment as  would  enable  the  reader  to  find  and  use  the  station.  They  also  give,  as  far  as 
possible,  a  complete  history  of  all  the  changes  since  the  establishment  of  the  station  that 
would  be  factors  in  using  the  data  collected. 

The  discharge-measurement  table  gives  the  results  of  the  discharge  measurements  made 
during  the  year,  including  the  date,  the  name  of  the  hydrographer,  the  area  of  cross  section, 
the  mean  velocity,  the  gage  height,  and  the  discbai^  in  second-feet. 

The  table  of  daily  gage  heights  gives  the  daily  fluctuations  of  the  surface  of  the  river  as 
found  from  the  mean  of  the  gage  readings  taken  each  day.  The  gage  height  given  in  the 
table  represents  the  elevation  of  the  surface  of  the  water  above  the  zero  of  the  gage.  At 
most  stations  the  gage  is  read  in  the  morning  and  in  the  evening. 

The  rating  table  gives  dischai^ges  in  second-feet  corresponding  to  each  stage  of  the  river 
as  given  by  the  gage  heights. 

In  the  table  of  estimated  monthly  discharge,  the  column  headed  "Maximum"  gives  the 
mean  flow  for  the  day  when  the  mean  gage  height  was  highest,  and  it  is  the  flow  as  given  in 
the  rating  table  for  that  mean  gage  height.  As  the  gage  height  is  the  mean  for  the  day, 
there  might  have  been  short  periods  when  the  W3ter  was  higher  and  the  corresponding 
discharge  larger  than  given  in  this  column.  Likewise  in  the  column  of  "Minimum"  the 
quantity  given  is  the  mean  flow  for  the  day  when  the  mean  gage  height  was  lowest.  The 
column  headed  "  Mean  "  is  the  average  flow  for  each  second  during  the  month.  On  this  are 
based  the  computations  for  the  three  remaining  columns,  which  are  defined  above. 

In  the  computations  for  the  tables  of  this  report  the  following  general  and  special  rules 
have  been  used: 

Fundamental  rules  for  dbmputation. 

1.  The  highest  degree  of  precision  consistent  with  the  rational  use  of  time  and  money  is  imperative. 

2.  All  items  ot  computation  should  be  expressed  by  at  least  two  and  not  more  than  lour  significant 
figures. 

3.  Any  measurement  in  a  vertical  velocity,  mean  velocity,  or  discharge  curve  whose  per  cent  of  error 
Is  five  times  the  average  per  cent  of  error  of  all  the  other  measurements  should  be  rejected. 

4.  In  reducing  the  number  of  significant  figures,  or  the  number  of  decimal  places,  by  dropping  the  last 
figure,  the  following  rules  apply: 

(a)  When  the  figure  in  the  place  to  be  rejected  is  less  than  5,  drop  it  without  changing  the  preceding 
figure.    Example:  1,827,4  becomes  1,827. 

(6)  When  the  figure  in  the  place  to  be  rejected  is  greater  than  6,  drop  it  and  increase  the  preceding  fig- 
ure by  1.    Example:  1,827.6  becomes  1,828. 
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(c)  Wb«i  the  figure  in  the  place  to  be  rejected  is  5  and  it  is  preceded  by  an  even  figure,  drop  the  5. 
Example:  1,828.5  becomes  1,828. 

(d)  When  the  figure  in  the  place  to  be  rejected  is  5  and  it  is  preceded  by  an  odd  figure,  drop  the  5  and 
increase  the  preceding  figure  by  1.    Example:  1,827.5  becomes  1,828. 

Special  nUeafor  comptUation. 

L  Rating  tables  are  to  be  constructed  as  closely  as  the  data  on  which  they  are  based  will  warrant.  No 
deeimals  are  to  be  used  when  the  discharge  is  over  50  second-feet. 

2.  Daily  discharges  shall  be  applied  directly  to  the  gage  heights  as  they  are  tabulated. 

3.  Monthly  means  are  to  be  carried  out  to  one  decimal  place  when  the  quantities  are  below  100  second- 
feet.  Between  100  and  10,000  second-feet,  the  last  figure  in  the  monthly  mean  shall  be  a  significant  figure. 
This  also  applies  to  the  yearly  mean. 

4.  Second-feet  per  square  mile  and  depth  in  inches  for  the  individual  months  shall  be  carried  out  to  at 
least  three  significant  figures,  except  in  the  case  of  decimals  where  the  first  significant  figure  is  preceded 
by  one  or  more  naughts  (0),  when  the  quantity  shall  be  carried  out  to  two  significant  figures.  Example: 
1.25;  .125;  .012;  .0012.  The  yearly  means  for  these  quantities  are  always  to  be  expressed  in  three  signifi- 
cant figures  and  at  least  two  decimal  places. 

CONVENIENT  EQUrVALENTS. 

1  second-foot  equals  50  California  miner's  inches. 
1  second-foot  equals  38.4  Colorado  miner's  inches. 
1  second-foot  equals  40  Arizona  miner's  inches. 

1  second-foot  equals  7.48  United  States  gallons  per  second;  equals  448.8  gallons  per  minute;  equals 
646,272  gallons  for  one  day. 
1  second-foot  equals  6.23  British  imperial  gallons  per  second. 
1  second-foot  for  one  year  covers  1  square  mile  1.131  feet  deep,  13.572  inches  deep. 
1  second-foot  for  one  year  equals  0.000214  cubic  mile;  equals  31,536,000  cubic  feet. 
1  second-foot  equals  about  1  acre-inch  per  hour. 
1  second-foot  failing  10  feet  equals  1.136  horsepower. 
100  California  miner's  mches  equal  15  United  States  gallons  per  second. 
100  California  miner's  inches  equal  77  Colorado  miner's  inches. 
100  California  miner's  inches  for  one  day  equal  4  acre-feet. 
100  Colorado  miner's  inches  equal  2.60  second-feet. 
100  Colorado  miner's  inches  equal  19.5  United  States  gallons  per  second. 
100  Colorado  miner's  mches  equal  130  California  miner's  inches. 
100  Colorado  miner's  mches  for  one  day  equal  5.2  acre-feet. 
100  United  States  gallons  per  minute  equal  0.223  second-foot. 
100  United  States  gallons  per  minute  for  one  day  equal  0.44  acre-foot. 
1,000.000  United  States  gallons  per  day  equal  1.55  second-feet. 
1X)00.000  United  States  gallons  equal  3.07  acre-leet. 
1,000,000  cubic  feet  equal  22.95  acre-feet. 
1  acre-foot  equals  325^50  gallons. 
1  inch  deep  on  1  square  mile  equals  2,323,200  cubic  feet. 
1  inch  deep  on  I  square  mile  equals  0.0737  second-foot  per  year. 
1  mch  equals  2.54  centimeters. 
1  foot  equals  0  3048  meter. 
1  yard  equals  0.9144  meter. 
1  mile  equals  1.60035  kilometers. 

1  mile  equals  1.760  yards,  equals  5,280  feet;  equals  63,360  inches. 
1  square  yard  equals  0.836  meter. 
1  acre  equals  0.4047  hectare. 

1  acre  equals  43,560  square  feet;  equals  4,840  square  yards. 
1  acre  equals  209  feet  square,  nearly. 
1  square  mile  equals  259  hectares. 
1  square  mile  equals  2.59  square  kilometers. 
1  cubic  loot  equals  0.0283  cubic  meter. 
1  cubic  toot  equals  7.48  gallons;  equals  0.804  bushel. 
1  cutMc  loot  of  water  Veighs  62.5  pounds. 
1  cubic  yard  equals  0.7646  cubic  meter. 
1  cubic  mile  equals  147,198,000,000  cubic  feet. 
1  cubic  mile  equals  4,667  second-feet  for  one  year. 
1  gallon  equals  3.7854  liters. 
1  gallon  equals  8.36  pounds  of  water, 
t  gallon  equals  231  cubic  inches  (liquid  measure). 
1  pound  equals  0.4536  kilogram. 
1  .voinlupoi.  pound  «iu^  7X)00  gnUn..  ^.^^  ,^^^  ^^  GoOglc 
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1  troy  pound  equals  5,760  grams. 
1  meter  equals  39.37  inches.    Log.  1.5951054. 
1  meter  equals  3.280633  feet.    Log.  0.5159842. 
1  meter  equals  1.093611  yards.    Log.  0.0388629. 
1  kilometer  equals  3,281  feet;  equals  five-eighths  mile,  nearly. 
1  square  meter  equals  10,764  square  feet;  equals  1,196  square  yards. 
1  hectare  equate  2.471  acres. 

1  cubic  meter  equals  35.314  cubic  feet;  equals  1.308  cubic  yards. 
1  liter  equals  1.0567  quarts. 
1  gram  equals  15.43  grains. 
1  kilogram  equals  2.2046  pounds. 
1  tonneau  equals  2,204.6  pounds. 
1  foot  per  second  equals  1.097  kilometers  per  hour. 
1  foot  per  second  equals  0.68  mile  per  hour. 
1  cubic  meter  per  minute  equals  0.5886  second-foot. 

1  atmosphere  equals  15  pounds  per  square  Inch;  equals  1  ton  per  square  foot;  equals  1  kilogram  per 
square  centimeter. 
Acceleration  of  gravity  equals  32.16  feet  per  second  every  second. 
1  horsepower  equals  550  foot-pounds  per  second. 
1  horsepower  equals  76  kilogram-meters  per  second. 
1  horsepower  equals  746  watts. 
1  horsepower  equals  1  second-foot  falling  8.8  feet. 
1}  horsepowers  equal  about  1  kilowatt. 

Sec  -ft  X  fall  in  feet 
To  calculate  water  power  quickly:  — ' — "- — r^ —Net  horsepower  on  water  wheel,  realizing  80 

per  cent  of  the  theoretical  power. 

Quick  formula  for  computing  discharge  over  weirs:  Cubic  feet  per  minute  equals  0.4025  a  A»;  l=leBgth 
of  weir  in  inches;  A=head  in  inches  flowing  over  weir,  measured  from  surface  of  still  water. 
To  change  miles  to  inches  on  map: 

Scale  1  :  125000, 1  mile=0.50688  inch. 

Scale  1  :  90000,    1  mile=0.7O400  inch. 

Scale  1  :  62500,    1  mile=l. 01376  inches. 

Scale  1  :  45000,    1  mile=l.4O80O  inches. 

PIEL.D  METHODS  OF  MEASURING  STREAM  FLOW. 

The  methods  used  in  collecting  these  data  and  in  preparing  them  for  publication  are 
given  in  detail  in  Water-Supply  Papers  No.  94  (Hydrographic  Manual,  U.  S.  Geol.  Survey) 
and  No.  95  (Accuracy  of  Stream  Measurements).  In  order  that  those  who  use  this  report 
may  readily  become  acquainted  with  the  general  methods  employed,  the  following  brief 
description  is  given : 

Streams  may  be  divided,  with  respect  to  their  physical  conditions,  into  three  classes — 

(1)  those  with  permanent  beds;  (2)  those  with  beds  which  change  only  during  extreme  low 
or  high  water;  (3)  those  with  constantly  shifting  beds.  In  estimating  the  daily  flow 
special  methods  are  necessary  for  each  class.  The  data  on  which  these  estimates  are  based 
and  the  methods  of  collecting  them  are,  however,  in  general  the  same. 

There  are  three  distinct  methods  of  determining  the  flow  of  open-channel  streams — (1) 
by  measurements  of  slope  and  cross  section  and  the  use  of  Chezy's  and  Kutter's  formulas; 

(2)  by  means  of  a  weir;  (3)  by  measurements  of  the  velocity  of  the  current  and  of  the  area  of 
the  cross  section.  The  method  chosen  for  any  case  depends  on  the  local  physical  condi- 
tions, the  degree  of  accuracy  desired,  the  funds  available,  and  the  length  of  time  that  the 
record  is  to  be  continued. 

Slope  method. — Much  information  has  been  collected  relative  to  the  coefficients  to  be 
used  in  the  Chezy  formula,  v=c\^R  8.  This  has  been  utilized  by  Kutter,  both  in  develop- 
ing his  formula  for  c  and  in  determining  the  values  of  the  coefficient  n  which  appears  therein. 
The  results  obtained  by  the  slope  method  are  in  general  only  roughly  approximate,  owing 
to  the  difficulty  in  obtaining  accurate  data  and  the  uncertainty  of  the  value  for  n  to  be 
used  in  Kutter's  formula.  The  most  common  use  of  this  method  is  in  estimating  the 
flood  discharge  of  a  stream  when  the  only  data  available  are  the  cross  section,  the  slope 
as  shown  by  marks  along  the  bank,  and  a  knowledge  of  the  general  conditions. 

Digitized  by  V3\^^^*?lC 


FIELD   METHODS    OF    MEASURING    FLOW.  7 

Weir  meiKod. — When  funds  are  available  and  the  conditions  are  such  that  sharp-crested 
weirs  can  be  erected,  these  offer  the  best  facilities  for  determining  flow.  If  dams  are  suitably 
situated  and  constructed,  they  may  be  utilized  for  obtaining  reliable  estimates  of  flow.  The 
conditions  necessary  to  insure  good  results  may  be  divided  into  two  classes — (1)  those  relat- 
'ng  to  the  physical  characteristics  of  the  dam  itself,  and  (2)  those  relating  to  the  diversion 
and  use  of  water  around  and  through  the  dam. 

The  physical  requirements  are  as  follows:  (a)  Sufficient  height  of  dam,  so  that  backwater 
will  not  interfere  with  free  fall  over  it ;  (6)  absence  of  leaks  of  appreciable  magnitude ;  (c) 
topography  or  abutments  which  confine  the  flow  over  the  dam  at  high  stages;  {d)  level 
cresta,  which  are  kept  free  from  obstructions  caused  by  floating  logs  or  ice;  (e)  crests  of  a 
type  for  which  the  coefficients  to  be  used  in  Q=^cbl}f  or  some  similar  standard  weir  formula, 
are  known  (see  Water-Supply  Paper  No.  150) ;  (/)  either  no  flash-boards  or  exceptional  care 
in  reducing  leaking  through  them  and  in  recording  their  condition. 

Preferably  there  should  be  no  diversion  of  water  through  or  around  the  dam.  Generally, 
however,  the  dam  is  built  for  purposes  of  power  or  navigation,  and  part  or  all  of  the  water 
flowing  past  it  is  diverted  for  such  uses.  This  water  is  measured  and  added  to  that  passing 
over  the  dam.  To  insure  accuracy  in  such  estimates  the  amount  of  water  diverted  should 
be  reasonably  constant.  Furthermore,  it  should  bo  so  diverted  that  it  can  be  measured, 
either  by  a  weir,  a  current  meter,  or  a  simple  system  of  water  wheels  which  are  of  standard 
make,  or  which  have  been  rated  as  meters  under  working  conditions  and  so  installed  that  the 
gate  openings  the  heads  under  which  they  work,  and  their  angular  velocities  may  be  accu- 
rately abserved. 

The  combination  of  physical  conditions  and  uses  of  the  water  should  be  such  that  the  esti- 
mates of  flow  will  not  involve,  for  a  critical  stage  of  considerable  duration,  the  use  of  a  head 
on  a  bnmd-crested  dam,  of  less  than  6  inches.  Moreover,  when  all  other  conditions  are 
good,  the  cooperation  of  the  owners  or  operators  of  the  plant  is  still  essential  if  reliable 
results  are  to  be  obtained. 

A  gaging  station  at  a  weir  or  dam  has  the  general  advantage  of  continuity  of  record 
through  the  periods  of  ice  and  floods,  and  the  disadvantages  of  uncertainty  of  coefficient 
be  used  in  the  weir  formula,  and  of  complications  in  the  diversion  and  use  of  the  water. 

Vdocity  method. — The  determination  of  the  quantity  of  water  flowing  past  a  certain  sec- 
tion of  a  stream  at  a  given  time  is  termed  a  dischai^e  measurement.  This  quantity  is  the 
product  of  two  factors — the  mean  velocity  and  the  area  of  the  cross  section.  The  mean 
velocity  is  a  function  of  surface  slope,  wetted  perimeter,  roughne.ss  of  bed,  and  the  channel 
conditions  at,  above,  and  below  the  gaging  section.  The  urea  depends  on  the  contour  of  the 
bed  and  the  fluctuations  of  the  surface.  The  two  principal  ways  of  measuring  the  velocity 
of  a  stream  are  by  floats  and  current  meters. 

Great  care  is  taken  in  the  selection  and  equipment  of  gaging  stations  for  determining  dis- 
charge by  velocity  measurements  in  order  that  the  data  may  have  the  required  degree  of 
accuracy.  Their  essential  requirements  are  practically  the  same  whether  the  velocity  is 
determined  by  meters  or  floats.  They  arc  located  as  far  a-s  possible  where  the  channel  is 
straight  both  above  and  below  the  gaging  section;  where  there  are  no  cross  currents,  back- 
water, or  boils;  where  the  bed  of  the  stream  is  reasonably  free  from  large  projections  of  a 
permanent  character;  and  where  the  banks  are  high  and  subject  to  overflow  only  at  flood 
stages.  The  station  must  be  so  far  removed  from  the  elFects  of  tributary  streams  and  dams 
or  other  artificial  obstructions  that  the  gage  height  shall  be  an  index  of  the  dischai|(e. 

Certain  permanent  or  semi-permanent  structures,  usually  referred  to  as  "equipment,  "are 
generally  pertinent  to  a  gaging  station.  These  are  a  gage  for  determining  the  fluctua- 
tions of  the  water  surface,  bench  marks  to  which  the  datum  of  tlie  gage  is  referred,  per- 
manent marks  on  a  bridge  or  a  tagged  line  indicating  the  points  of  measurement,  and  where 
the  current  is  swift,  some  appliance  (generally  a  secondary  cable)  to  hold  the  meter  in  posi- 
tion in  the  water.  As  a  rule,  the  stations  are  located  at  bridges  if  the  channel  conditions 
are  satisfactory,  as  from  them  the  observations  can  more  readily  be  made  and  the  cost  of  the 
equipment  is  small.  C^  r^r^r^\r> 

Digitized  by  VjOOQ  IC 


8 


STREAM   MEASUREMENTS    IK   1905,   PART   XHI. 


The  floats  in  common  use  are  the  surface,  subsurface,  and  tube  or  rod  floats.  A  corked 
bottle  with  a  flag  in  the  top- and  weighted  at  the  bottom  makes  one  of  the  most  satisfactory 
surface  floats,  as  it  is  afl'ected  but  little  by  wind.  In  case  of  flood  measurements,  good 
results  can  be  obtained  by  observing  the  velocity  of  floating  cakes  of  ice  or  debris.  In  case 
of  all  surface-float  measurements  coefficients  must  be  used  to  reduce  the  observed  velocity 
to  the  mean  velocity.  The  subsurface  and  tube  or  rod  floats  are  intended  to  give  directly  the 
mean  velocity  in  the  vertical.  Tubes  give  excellent  results  when  the  channel  conditions  are 
good,  as  in  canals. 

In  measuring  velocity  by  a  float,  observation  it  made  of  the  time  taken  by  the  float  to  pass 
over  the  ''run,"  a  selected  stretch  of  river  from  SO  to  200  feet  long.  In  each  discharge 
measurement  a  large  number  of  velocity  determinations  are  made  at  difl'erent  points  across 
the  stream,  and  from  these  observations  the  mean  velocity  for  the  whole  section  is  deter- 
mined. This  may  be  done  by  plotting  the  mean  positions  of  the  floats  as  indicated  by  the 
distances  from  the  bank  as  ordinates,  and  the  corresponding  times  as  abscissas.  A  curve 
through  these  points  shows  the  mean  time  of  run  at  any  point  across  the  stream,  and  the 
mean  time  for  the  whole  stream  is  obtained  by  dividing  the  area  bounded  by  this  cur\'e  and 
its  axis  by  the  width.  The  length  of  the  run  divided  by  the  mean  time  gives  the  mean 
velocity. 

The  area  used  in  float  measurements  is  the  mean  of  the  areas  at  the  two  ends  of  the  run 
and  at  several  intermediate  sections. 


Fig.  1.— Cable  station  showing  section  of  the  river,  car,  gage,  etc. 

The  essential  parts  of  the  current  meters  in  use  are  a  wheel  of  some  type,  so  constructed 
that  the  impact  of  flowing  water  causes  it  to  revolve,  and  a  device  for  recording  or  indica- 
ting the  number  of  revolutions.  The  relation  between  the  velocity  of  the  moving  water  and 
the  revolutions  of  the  wheel  is  determined  for  each  meter.  This  rating  is  done  by  drawing 
the  meter  through  still  water  for  a  given  distance  at  different  speeds,  and  noting  the  number 
of  revolutions  for  each  run.  From  these  data  a  rating  table  is  prepared  which  gives  the 
velocity  per  second  for  any  number  of  revolutions. 

Many  kinds  of  current  meters  have  been  constructed.  They  may,  however,  be  classed 
in  two  general  types— those  in  which  the  wheel  is  made  up  of  a  series  of  cups,  as  the  Price, 
and  those  having  a  screw-propeller  wheel,  as  the  Haskell.  Each  meter  has  been  developed 
for  use  under  some  special  condition.  In  the  case  of  the  small  Price  meter,  which  has  been 
largely  developed  and  extensively  used  by  the  United  States  Geological  Survey,  an  attempt 
has  been  made  to  get  an  instrument  which  could  be  used  under  practically  all  conditions. 

Current-meter  measurements  may  be  made  from  a  bridge,  cable,  boat,  or  by  wading,  and 
gaging  stations  may  be  classified  in  accordance  with  such  use.  Fig.  1  shows  a  typical  cable 
station. 

In  making  the  measurement  an  arbitrary  number  of  points  are  laid  off  on  a  line  perpen- 
dicular to  the  thread  of  the  stream.  The  points  at  which  the  velocity  and  depth  are  ob- 
served are  known  as  measuring  points  and  are  usually  fixed  at  regular  intervals,  varying 

from  2  to  20  feet,  depending  on  the  size  and  conditions  of  the  stream.    Perpendiculars 
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dropped  from  the  measuring  points  divide  the  gaging  section  into  strips.  For  each  strip 
or  pair  of  strips  the  mean  velocity,  area,  and  discharge  are  determined  independently,  so 
that  conditions  existing  in  one  part  of  the  stream  may  not  be  extended  to  parts  where  they 
do  not  apply. 

lliree  classes  of  methods  of  measuring  velocity  with  current  meters  are  in  general  use — 
multiple  point,  single  point,  and  integration. 

The  three  principal  multiple-point  methods  in  general  use  are  the  vertical  velocity-curve; 
0.2  and  0.8  depth;  and  top,  bottom,  and  mid-depth. 

In  the  vertical  yelocity-curve  method  a  series  of  velocity  determinations  are  made  in  each 
vertical  at  r^;ular  intervals,  usually  from  0.5  to  1  foot  apart.  By  plotting  these  velocities 
as  abscissas  and  their  depths  as  ordinates,  and  drawing  a  smooth  curve  among  the  resulting 
points,  the  vertical  velocity-curve  is  developed.  This  curve  shows  graphically  the  mag- 
nitude and  changes  in  velocity  from  the  surface  to  the  bottom  of  the  stream.  The  mean 
velocity  in  the  vertical  is  then  obtained  by  dividing  the  area  bounded  by  this  velocity-curve 
and  its  axis  by  the  depth.  On  account  of  the  length  of  time  required  to  make  a  complete 
measurement  by  this  method,  its  use  is  limited  to  the  determination  of  coefficients  for  pur- 
poses of  comparison,  and  to  measurements  under  ice. 

In  the  second  multiple-point  method  the  meter  is  held  successively  at  0.2  and  0.8  of  the 
depth,  and  the  mean  of  the  velocities  at  these  two  points  is  taken  as  the  mean  velocity 
for  that  vertical.  Assuming  that  the  vertical  velocity-curve  is  a  common  parabola  with 
horizontal  axis,  the  mean  of  the  velocities  at  0.22  and  0.79  of  the  depth  will  give  (closely) 
the  mean  velocity  in  the  vertical.  Actual  observations  under  a  wide  range  of  conditions 
show  that  this  second  multiple-point  method  gives  the  mean  velocity  very  closely  for  open- 
water  conditions  where  the  depth  is  over  5  feet  and  the  bed  comparatively  smooth,  and 
moreover  the  indications  are  that  it  will  hold  nearly  as  well  for  ice-covered  rivers. 

In  the  third  multiple-point  method  the  meter  is  held  at  mid-depth,  at  0.5  foot  below  the 
surface,  and  at  0.5  foot  above  the  bottom,  and  the  mean  velocity  is  determined  by  dividing 
by  6  the  sum  of  the  top  velocity,  four  times  the  mid-depth  velocity,  and  the  bottom  velocity. 
Tliis  method  may  be  modified  by  observing  at  0.2, 0.6,  and  0.8  depth. 

The  single-point  method  consists  in  holding  the  meter  either  at  the  depth  of  the  thread 
of  mean  velocity,  or  at  an  arbitrary  depth  for  which  the  coefficient  for  reducing  to  mean 
velocity  has  been  determined. 

Extensive  experiments  by  vertical  velocity-curves  show  that  the  thread  of  mean  velocity 
generally  occurs  at  from  0.5  to  0.7  of  the  total  depth.  In  general  practice  the  thread  of 
mean  velocity  is  considered  to  be  at  0.6  depth,  at  which  point  the  meter  is  held  in  a  majority 
of  the  measurements.  A  large  number  of  vertical  velocity-curve  measurements  taken  on 
many  streams  and  under  varying  conditions  show  that  the  average  coefficient  for  reducing 
the  velocity  obtained  at  0.6  depth  to  mean  velocity  is  practically  unity. 

In  the  other  principal  single-point  method  the  meter  is  held  near  the  surface,  usually 
1  foot  below,  or  low  enough  to  be  out  of  the  effect  of  the  wind  or  other  disturbing  influences. 
This  is  known  as  the  subsurface  method.  The  coefficient  for  reducing  the  velocity  taken 
at  the  subsurface  to  the  mean  has  been  found  to  be  from  0.85  to  0.95,  depending  on  the 
stage,  velocity,  and  channel  conditions.  The  higher  the  stage  the  larger  the  coefficient. 
This  method  is  specially  adapted  for  flood  measurements  or  when  the  velocity  is  so  great 
that  the  meter  can  not  be  kept  at  0.6  depth. 

The  vertical-integration  method  consists  in  moving  the  meter  at  a  slow  uniform  speed 
from  the  surface  to  the  bottom  and  back  again  to  the  surface,  and  noting  the  number  of 
revolutions  and  the  time  taken  in  the  operation.  This  method  has  the  advantage  that  the 
velocity  at  each  point  of  the  vertical  is  measured  twice.  It  is  well  adapted  for  measure- 
ments under  ice  and  as  a  check  on  the  point  methods. 

The  area,  which  is  the  other  factor  in  the  velocity  method  of  determining  the  discharge 
of  a  stream,  depends  on  the  stage  of  the  river,  which  is  observed  on  the  gage,  and  on  the 
general  contour  of  the  bed  of  the  stream,  which  is  determined  by  soundings.  The  soundings 
are  usually  taken  at  each  measuring  point  at  the  time  of  the  discharge  measurement,  either 
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by  using  the  meter  and  cable,  or  by  a  special  sounding  line  or  rod.  For  streams  with  per- 
manent beds  standard  cross  sections  are  usually  taken  during  low  water.  These  sections 
serve  to  check  the  soundings  which  are  taken  at  the  time  of  the  measurements,  and  from 
them  any  change  which  may  have  taken  place  in  the  bed  of  the  stream  can  be  detected. 
They  are  also  of  value  in  obtaining  the  area  for  use  in  computations  of  high-water  meas- 
urements, as  accurate  soundings  are  hard  to  obtain  at  high  stages. 

In  computing  the  discharge  measurements  from  the  observed  velocities  and  depths  at 
various  points  of  measurement,  the  measuring  section  is  divided  into  elementaiy  strips,  as 
shown  in  fig.  1,  and  the  mean  velocity,  area,  and  dischai^  are  determined  separately  for 
either  a  single  or  a  double  strip.  The  total  discharge  and  the  area  are  the  sums  of  those  for 
the  various  strips,  and  the  mean  velocity  is  obtained  by  dividing  the  total  dischai^  by  the 
total  area. 

The  determination  of  the  flow  of  an  ice-covered  stream  is  difficult,  owing  to  diversity  and 
instability  of  conditions  during  the  winter  i>eriod,  and  also  to  lack  of  definite  information 
in  regard  to  the  laws  of  flow  of  water  under  ice.  The  method  now  employed  is  to  make 
freqeunt  discharge  measurements  during  the  frozen  periods  by  the  vertical  velocity-curve 
method,  and  to  keep  an  accurate  record  of  the  conditions,  such  as  the  gage  height  to  the 
surface  of  the  water  as  it  rises  in  a  hole  cut  in  the  ice,  the  thickness  and  character  of  the  ice, 
etc.  From  these  data  an  approximate  estimate  of  the  daily  flow  can  be  made  by  construct- 
ing a  rating  curve  (really  a  series  of  curves)  similar  to  that  used  for  open  channels,  but  con- 
sidering in  addition  to  gage  heights  and  discharge,  the  varying  thickness  of  ice.  Such  data 
as  are  available  in  regard  to  this  subject  are  published  in  Water-Supply  Paper  No.  146, 
pages  141-148. 

OFFICE  METHODS  OF  COMPUTING  RUN-OFF. 

There  are  two  principal  methods  of  estimating  run-off,  depending  on  whether  or  not 
the  bed  of  the  stream  is  permanent. 

For  stations  on  streams  with  permanent  beds  the  first  step  in  computing  the  run-off  is  the 
construction  of  a  rating  table,  which  shows  the  discharge  corresponding  to  any  stage  of  the 
stream.  This  rating  table  is  applied  to  the  record  of  stage  to  determine  the  amount  of 
water  flowing.  The  construction  of  the  rating  table  depends  on  the  method  used  in  meas- 
uring flow. 

For  a  station  at  a  weir  or  dam,  the  h&sis  for  the  rating  table  is  some  standard  weir  formula. 
The  coefficients  to  be  used  in  its  application  depend  on  the  type  of  dam  and  other  conditions 
near  its  crest.  After  inserting  in  the  weir  formula  the  measured  length  of  crest  and  the 
assumed  coefficient,  the  discharge  is  computed  for  various  heads  and  the  rating  table  con- 
structed. 

The  data  necessary  for  the  construction  of  a  rating  table  for  a  velocity-area  station  are  the 
results  of  the  discharge  measurements,  which  include  the  record  of  stage  of  the  river  at  the 
time  of  measurement,  the  area  of  the  cross  section,  the  mean  velocity  of  the  current,  and 
the  quantity  of  water  flowing.  A  thorough  knowledge  of  the  conditions  at  and  in  the  vicinity 
of  the  station  is  also  necessary. 

The  construction  of  the  rating  table  depends  on  the  following  laws  of  flow  for  open  per- 
manent channels:  (1)  The  discharge  will  remain  constant  so  long  as  conditions  at  or  near 
the  gaging  station  remain  constant.  (2)  The  discharge  will  be  the  same  whenever  the 
stream  is  at  a  given  stage  if  the  change  of  slope  due  to  the  rise  and  fall  of  the  stream  be 
neglected.     (3)  The  dischai^  is  a  function  of  and  increases  gradually  with  the  stage. 

The  plotting  of  results  of  the  various  dischai^  measurements,  using  gage  heights  as  ordi- 
nates;  and  discharge,  mean  velocity,  and  area  as  abscissas  will  define  curves  which  show 
the  discharge,  mean  velocity,  and  area  corresponding  to  any  gage  height.  For  the  develop- 
ment of  these  curves  there  should  be,  therefore,  a  sufficient  number  of  dischaige  measure- 
ments to  cover  the  range  of  the  stage  of  the  stream.  Fig.  2  shows  a  typical  rating  curve 
with  its  corresponding  mean-velocity  and  area  curves. 
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As  the  discharge  is  the  product  of  two  factors,  the  area  and  the  mean  yelocity,  any  change 
in  either  factor  will  produce  a  corresponding  change  in  the  discharge.  Their  curves  are 
therefore  constructed  in  order  to  study  each  independently  of  the  other. 

The  area  curve  can  be  definitely  determined  from  accurate  soundings  extending  to  the 
limits  of  high  water.  It  is  always  concave  toward  the  hortzontal  axis  or  on  a  straight  line, 
unless  the  banks  of  the  stream  are  overhanging. 

The  form  of  the  mean-velocity  curve  depends  chiefly  on  the  surface  slope,  the  roughness 
of  the  bed,  and  the  cross  section  of  the  stream.  Of  these,  the  slope  is  the  principal  factor. 
In  accordance  with  the  relative  changes  of  these  factors  the  curve  may  be  either  a  straight 
Hue,  convex,  or  concave  toward  either  axis,  or  a  combination  of  the  three.  From  a  careful 
study  of  the  conditions  at  any  gaging  station  the  form  which  the  vertical  velocity-curve  will 
take  can  be  predicted,  and  it  may  be  extended  with  reasonable  certainty  to  stages  beyond 
the  limits  of  actual  measurements.  Its  principal  use  is  in  connection  with  the  area  curve 
in  locating  errors  in  discharge  measurements  and  in  constructing  the  rating  table. 

The  dischaige  curve  is  defined  primarily  by  the  measurements  of  discharge,  which  are 
studied  and.  weighted  in  accordance  with  the  local  conditions  existing  at  the  time  of  each 
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Fio.  2.— Discharge  mean-velocity  and  area  curves  for  South  Fork  of  Skykomish  River  near  Index. 

measurement.  The  curve  may,  however,  best  be  located  between  and  beyond  the  meas- 
urements by  means  of  curves  of  area  and  mean  velocity.  The  discbarge  curve  under  nor- 
mal conditions  is  concave  toward  the  horizontal  axis  and  is  generally  parabolic  in  form. 

In  the  preparation  of  the  rating  table  the  discharge  for  each  tenth  or  half  tenth  on  the 
gage  is  taken  from  the  curve.  The  differences  between  successive  discharges  are  then  taken 
and  adjusted  according  to  the  law  that  they  shall  be  either  constant  or  increasing. 

The  determination  of  daily  discharge  of  streams  with  changeable  beds  is  a  difficult  problem 
In  case  there  is  a  weir  or  dam  available,  a  condition  which  seldom  exists  on  streams  of  this 
class,  estimates  can  be  obtained  by  its  use.  In  case  of  velocity-area  stations  frequent  dis- 
charge measurements  must  be  made  if  the  estimates  are  to  be  other  than  rough  approxima- 
tions. For  stations  with  beds  which  shift  slowly,  or  are  materially  changed  only  during 
floods,  rating  tables'can  be  prepared  for  periods  between  such  changes  and  satisfactory  results 
obtained  with  a  limited  number  of  measurements,  provided  that  some  of  them  are  taken 
soon  after  the  change  occurs.  For  streams  with  continually  shifting  beds,  such  as  the 
Colorado  and  Rio  Grande,  discharge  measurements  should  be  made  every  two  or  three 
days  and  the  dischaiges  for  intervening  days  obtained  either  by  interpolation  modified  by 
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gage  height  or  by  Professor  Stout's  method,  which  has  been  described  in  full  in  the  Nine- 
teenth Annual  Report  of  the  United  States  Geological  Survey,  Part  IV,  page  323,  and  in 
the  Engineering  News  of  April  21, 1904.  This  method,  or  a  graphical  application  of  it,  is 
also  much  used  in  estimating  flow  at  stations  ^ere  the  bed  shifts  but  slowly. 

COOPERATION  AND  ACKNO^WLEDGMENTS. 

Most  of  the  measurements  presented  in  this  paper  have  been  obtained  through  local 
hydrographers.  Acknowledgment  is  due  to  each  of  these  persons,  and  thanks  are  extended 
to  other  persons  and  corporations  who  have  assisted  local  hydrographers  or  have  cooperated 
in  any  way,  either  by  furnishing  records  of  the  height  of  water  or  by  assisting  in  transpor- 
tation. 

The  hydrographic  work  of  the  United  States  Geological  Survey  in  California  is  being 
carried  on  in  cooperation  with  the  State,  in  accordance  with  acts  of  the  State  legislature 
approved  March  16, 1903,  and  March  20,  1905. 

Tlie  act  of  March  16, 1903,  which  covered  the  period  from  July  1, 1903,  to  Jime  30, 1905, 
is  in  substance  as  follows: 

The  State  board  of  examiners  are  hereby  empowered  to  enter  into  contracts  with  the  Director  of  the 
United  States  Geological  Sw^ey  for  the  pmpose  of  making  topographic  maps  to  the  extent  of  twenty 
thousand  dollars;  also  for  the  purpose  of  gaging  streams,  surveying  reservoir  sites  and  canal  locations, 
for  the  conservation  and  utilization  of  the  flood  or  storm  waters  of  the  State,  to  the  extent  of  fifteen 
thousand  dollars,  [etc.] 

The  act  of  March  20,  1905,  is  in  substance  the  same  as  previous  act,  the  appropriations 
being  increased  to  $30,000  for  topography  and  $20,000  for  hydrography,  and  covering  the 
two  fiscal  years  July  1 ,  1905,  to  June  30,  1907. 

The  State  board  of  examiners  is  composed  of  the  following  members:  Geoige  C.  Pardee, 
governor;  C.  F.  Curry,  secretary  of  state;  U.  S.  Webb,  attorney-general. 

Although  the  portions  of  these  bills  referring  to  hydrographic  work  provide  for  making 
surveys  of  reservoir  sites  and  canal  locations,  none  of  the  State  money  has  been  expended 
for  this  purpose.  The  Geological  Survey  has  made  these  investigations  on  Puta  Cre^, 
Cache  Creek,  Sacramento  River,  Pit  River  and  tributaries,  Feather  River  and  tributaries, 
Owens  River,  and  Colorado  River,  and  has  paid  the  entire  expense  from  its  own  funds. 

The  State  appropriation  of  $15,000,  which  was  available  between  July  1,  1903,  and  June 
30,  1905,  was  used  exclusively  for  gathering  general  stream-flow  data.  The  Survey  also 
apportioned  $20,000  for  the  same  purpose  during  the  same  period.  The  data  being  accu- 
mulated have  a  specific  value  in  connection  with  the  future  development  of  the  resources  of 
the  State.  The  information  will  be  invaluable  in  designing  and  making  estimates  of  cost 
for  storage,  irrigation,  power  and  drainage  works,  and  for  use  in  litigation. 

The  work  in  California  is  under  the  direction  of  Supervising  Engineer  J.  B.  Lippuicott,^ 
assisted  by  Engineer  W.  B.  Clapp,  who  has  immediate  charge  of  the  accumulation  of  hydro- 
graphic  data.  Acknowledgments  are  also  due  to  the  following  individuals  and  corporations 
for  assistance  rendered  and  data  furnished:  To  J.  C.  P*ierson,  city  surveyor  of  Sacramento, 
Cal.,  for  river-stage  and  turbidity  records  of  Sacramento  River  at  Sacramento;  to  the  Kern 
County  Land  Company,  through  A.  K.  Warren,  engineer  in  charge  of  water  measurementsi 
for  the  record  of  Kern  River;  to  the  city  of  Santa  Barbara  for  cooperation  in  gaging  Santa 
Ynez  River;  to  the  Bay  Cities  Water  Company,  through  Eklwin  Duryea,  jr.,  chief  engineer, 
for  precipitation  and  run-ofl'  data;  to  the  Southern  Pacific  Company,  through  its  chief  engi- 
neer, William  Hood,  for  river-stage  records  of  San  Joaquin  River  at  Hemdon,  Cal.,  and  for 
transportation  furnished  the  supervising  engineer  and  assistants ;  and  to  the  oflScials  of  the 
Santa  Fe  Railway  for  transportation  furnished  to  the  supervising  engineer  and  assistants. 

The  work  in  the  extreme  eastern  portion  of  California  was  carried  on  under  the  direction 
of  Heniy  Thurtell,6  State  engineer  of  Nevada,  assisted  by  W.  A.  Wolf,  J.  T.  Shaw,  R.  A. 
Craig,  O.  F.  Heizer,  and  L.  A.  Wooley.  Acknowledgment  is  due  to  the  Southern  Pacific 
Company  for  transportation  furnished  the  district  hydrographers  and  assistants. 


a  Office,  1106  Union  Trust  Building,  Los  Angeles,  Cal.  t>  Office,  Carson,  Nev. 
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8TBEAM   MEA8UBEMENTS    IN   1905.  18 

COLORADO  RIVER  DRAINAGE  BASIN  BELOW  GILA  RIVER. 
COIX>RADO  RIVEB  AT  YUMA,  ABIZ. 

Thk  station  is  located  in  the  town  of  Yuma,  Ariz:,  1}  miles  below  the  mouth  of  Gila 
River  and  10  miles,  by  river,  above  the  Mexican  boundaiy.  Records  of  river  hei^t  have 
been  kept  by  the  Southern  Pacific  Company  since  April  1,  1878,  on  the  gage  which  was 
established  by  Arthur  Brown,  superintendent  of  the  company's  bridge  and  building  depart- 
ment, during  the  sunmier  of  1876. 

Hie  channel  of  the  main  river  is  strai^t  for  600  feet  above  and  5,000  feet  below  the 
station.  'Hie  right  bank  is  low,  wooded,  and  liable  to  overflow;  the  left  bank  Lb  not  subject 
to  overflow.  The  bed  of  the  stream  is  composed  of  silt  and  sand  and  is  veiy  unstable.  At 
low  water  the  channel  has  a  width  of  300  feet ;  at  flood  stages  a  large  part  of  the  water  flows 
throu|^  an  old  channel  and  does  not  pass  under  the  cable.  The  current  is  swift  and  the 
gaging  section  regular.  At  all  stages  of  the  river  the  depth  and  the  velocity  are  imiform 
and  there  are  no  large  eddies. 

Prior  to  May  31, 1903,  discharge  measurements  were  made  from  the  railroad  bridge.  On 
that  date  a  cable  station  was  established  at  a  point  600  feet  below  the  bridge,  and  all  meas- 
urements are  now  made  from  a  car,  except  during  highest  floods,  when  a  boat  is  used,  llie 
cable  is  supported  on  masts  and  is  equipped  with  a  winch,  by  which  it  can  be  lowered  for  the 
passage  of  boats.  The  cable  has  a  span  of  650  feet.  The  initial  point  for  soimdings  is  the 
cable  support  on  the  south  or  left  bank  about  20  feet  from  the  water's  edge  at  high  water. 
T%e  water  that  flows  in  the  old  channel  at  flood  stages  is  measured  at  the  point  where  it 
passes  under  the  raflway  trestle,  one-third  mile  north  of  the  main  channel.  During  the 
flood  of  May  and  June,  1905,  there  were  two  breaks  in  the  railroad  grade  at  Araz,  Cal.,  4 
miles  from  Yuma,  and  the  water  passing  through  these  is  included  in  each  dischai^  meas- 
urement of  the  Colorado. 

The  gage,  which  was  read  twice  each  day  during  1905  by  W.  D.  Smith,  the  resident 
hydrographer,  is  in  two  sections.  The  lower  section  of  the  rod,  reading  from  15  to  25  feet, 
is  nailed  to  the  pile  protection  on  the  south  bank  of  the  river  50  feet  below  the  Southern 
Pacific  Railroad  bridge.  The  upper  section,  reading  above  24  feet,  is  a  long  pile  on  the  north 
bank  of  the  river  100  feet  above  the  railway  bridge,  and  is  the  original  gage  estftblished  in 
1876.  The  bench  mark  is  a  standard  United  States  Geological  Survey  bronze  cap  located  at 
the  raOway  bridge  on  the  first  pier  from  the  south  bank;  elevation,  35.31  feet  above  the  zero 
of  the  gage  and  137.4  feet  above  sea  level. 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  of  the 
United  States  Geological  Survey  (Ann = Annual  Report;  Bull = Bulletin;  WS= Water 
Supply  Paper): 

Description:  Ann  18,  iv.  pp  29&-299;  BuU  131,  p  51;  140.  pp  207-208;  WS  16.  p  151;  28.  p  133;  38.  p  324; 
50,  p  387;  66,  p  104;  85.  p  17;  100.  pp  1&-20;  133,  pp  25-26. 

Diachai^:  Ann  18.  iv,  p  299;  Bull  131.  p  51;  140.  p  206;  66,  p  104;  85.  p  18;  100,  pp  20-24;  133,  pp  26-29. 

DiflchaxKe.  mean  daily:  WS  133.  p  31. 

Discharge,  monthly:  WS  85,  p  20;  100.  p  25;  133,  p  32. 

Evaporation  record:  WS  133,  p  32. 

Gage  hetghU:  Bull  131.  p  52;  140.  pp  208-210;  WS  11,  p  73;  16,  p  151;  28.  p  141;  38.  p  325;  50.  p  387;  66, 
p.  104:  85,  p  19;  100,  pp  24-25;  133,  p  30. 

Hydrograph:  Ann  12.  ii,  p  290. 

Rating  table:  WS  85.  p  19. 
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14  STREAM   MEASUREMENTS   IN   1905,  PART   Xin. 

Discharge  measurements  of  Colorado  River  at  Tumaf  Ariz.,  in  1906. 


Date. 


Hydrographer. 


height. 


January  4.....!  W.D.  Smith. 

January  6 ' do 

January  9 do 

January  10 do 

January  11 I do 

January  13 I do 

January  17....   J.S.  Evans... 

January  18 do 

January  20 I do 

January  23. ...  |  W.D.  Smith . 
January 25.... {  J.  S.  Evans... 

January  28....' do 

January  31 do 

February  2 do 

February  4 do 

February  6 do 

February  8 do 

FebruaryO do 

February  10. do 

February  11 do 

February  16. do 

February  181 . .    W.D.  Smith . 

February  20.. .  I do 

February  22. do 

February  23.. . ' do 

February24. do 

February  25 do 

February  27...: do 

March  1 do 

Maroh2 ! do 

March3 do 

March  6 do 

March9 ' do 


March  11 

do 

Ufli^b  It 

do 

March  15 

..do 

March  16 

do 

Marchl7 

do 

March  19 

do 

March  20 

-  -do 

March  22 

do 

March  23 

do 

Ufli^b  ?4 

do 

March  25 

do 

March  27 

do 

March  30 

do 

Aprill ' do 

Aprils • do 

April  5 ' do 

April  7 j do 

April  13 do 

April  14 J.X. Johannson. 

Aprill9 W.D.Smith.... 

April  21 1 do 

April  24 ; do 


Feet. 
18.60 
18.95 
18.65 
21.10 
19.20 
19.25 
22.30 
23.95 
21.00 
20.20 
19.80 
19.55 
19.30 
19.60 
19.70 
21.40 
28.00 
28.75 
26.20 
24.10 
21.50 
21.40 
25.10 
25.80 
23.70 
22.05 
21.50 
23.45 
23.95 
24.90 
26.70 
24.80 
24.10 
24.20 
24.45 
24.00 
26.10 
27.35 
28.00 
30.25 
28.90 
27.75 
25.60 
24.10 
23.10 
22.00 
21.50 
21.30 
21.60 
22.50 
25.30 
29.40 
24.90 
23.30 
22.30 


Dis- 
charge. 


Bec.'ft. 

3,985 

4,573 

4,170 

16,090 

6,401 

6,348 

20,420 

27,450 

12,170 

7,863 

7,055 

5,727 

5,278 

6,054 

6,632 

16,600 

67,730 

82,820 

39,580 

32,120 

18,610 

16,490 

47,000 

54,730 

32,990 

21,990 

18,860 

27,730 

29,070 

39,260 

70,170 

44,310 

36,400 

38,625 

38,870 

36,720 

60,640 

65,820 

73,440 

110,800 

91,200 

76,930 

58,600 

43,050 

31,020 

24,390 

20,690 

19,480 

21,000 

29,840 

45,800 

93,800 

45,050 

39,500 

31,690 


Date. 


April  26. 
April  27. 
April  29. 
Mayl.... 
May  4... 
May6... 
Mays.... 
May  10... 
May  13... 
May  16... 
May  18... 
May  20... 
May  23... 
May  26... 


Hydrographer. 


W.  D.  Smltn. 
A.  N.  KeUy... 
W.D.Smith. 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 


May29 do. 

May31 1 do. 

June3 ! do. 

June6 do. 


June  8 ' do 


June  12 1 do. 


I 


Qage 
height 


June  14 do 

June  19 do 

June  22 do 

June  26 ' do 

June  29 1 do 

July3 j do 

July  5 ' do ! 

July  10 1 do ' 

July  13 1  F.  R.  S.  Buttemer  I 

July  15 1 do ! 

July  18 j do I 

July  19 ' do ' 

July  21 1 do I 

July24 ' do 

July  26 ' do ' 

July  28 j do I 

July  31 ' do 

I  I 

August  2 ' do 

August  4 ' do ' 

August  7 1 do j 

Augu  st  9 1 do 

August  11 I do I 


August  14 

August  16 

August  19 

August  21 

August  23 

August  26 

August  28 

August  30 

September  1.. 
September  4.. 
September  6. . 
September  9. . 
September  11. 


do 

do 

W.  D.Smith. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do. 
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Feet. 
23.40 
23.95 
23.95 
25.00 
24.25 
24.55 
25.10 
26.10 
25.40 
25.00 
24.70 
24.30 
24.90 
25.80 
26.80 
27.40 
28.00 
28.45 
28.30 
28.25 
28.70 
29.15 
29.10 
28.55 
27.60 
25.90 
25.45 
23.35 
22.05 
21.90 
21.75 
21.30 
20.90 
20.50 
20.35 
20.05 
19.95 
19.90 
19.80 
20.20 
20.30 
20.40 
20.10 
19.60 
19.10 
18.85 
18.75 
18.65 
18.70 
19.60 
18.50 
18.46 
18.30 
18.45 
18.95 


Di»- 
charge. 


Bec.'ft. 
37,160 
41,630 
34,990 
41,520 
37,280 
37,410 
40,050 
49,200 
38,840 
37,320 
33,910 
34,580 
38,390 
45,300 
54,810 
50,020 
68,160 
67,600 
72,030 
72,590 
82,020 
94,320 
92,400 
77,610 
64,370 
50,640 
44,950 
32,980 
30,870 
27.710 
25,300 
22,320 
22,000 
20,800 
20,460 
18,910 
16,750 
15,790 
13,560 
15,940 
16,770 
16,960 
15,960 
13,800 
9,757 
8,090 
7,795 
7,241 
7,013 
10,290 
6,440 
6,464 
5,644 
6,(61 
7,631 
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Distharge  measurements  ofCoiorodo  River  <U  Yuma,  Ariz.,  in  1905 — Continued. 


Date. 


September  13. 
Sept«mb«r  14. 
September  16.1 
September  18.' 
September  20.1 
September  33. 
September  26. 
September  29 


Hydrograpber. 


Oafe       DLs- 
heignt.  charge. 


Date. 


Hydrographer. 


I    06 

bail 


ro      Dia- 
Dt.l  charge. 


W.  D.  Smith. 

....do 

...do 

....do 

...do 

....do 

...do 

..do. 


October  2 ' 

do.... 

October  4 

do.... 

Octobere ' 

do.... 

October  7 

do.... 

October  10        I 

do 

October  13. .. . 

do.... 

October  16....  1 

do.... 



October  19. . . . 

do.... 



October  23....  1 

do.... 

OctoberTT....' 

do.... 



October  31.  ...1 

do.... 

1 

Feet. 
18.85 
19.40 
18.80 
18.60 
18.70 
18.45 
18.20 
18.00 
18.00 
18.65 
18.80 
20.10 
20.30 
19.70 
19.10 
18.70 
18.60 
18.40 
18.40 


Sec.'fl. 
7,706 
9,667 
7,700 
6,743 
7,131 
6,063 
5,260 
5,287 
5,222 
7,172 
7,295 
13,080 
14,060 
10.660 
8,290 
6,779 
6,025 
6,507 
5,579 


November  3 . . 

W.D.Smith 

November  6 . . 

do 

November  9 . . 

do 

November  13 . 

do 

November  16 . 

do 

November  23 . 

do 

November  27 . 

do 

November  30 . 

do 

December  1 . . . 

do 

December  2 . . . 

do 

December  5 . . . 

do 

December  8... 

do : 

December  11.. 

..do 

December  14.. 

do 

December  16.. 

do 

December  18.. 

do 

December  21 . . 

do 

December  26.. 

do 

December  30.. 

do 

Feet. 

Sec.-ft. 

18.50 

5,812 

18.35 

5,709 

18.75 

6,632 

18.75 

6,306 

18.85 

6,787 

18.80 

6,495 

19.00 

6,652 

31.30 

102,700 

28.78 

77,360 

23.50 

37,160 

21.30 

28,650 

19.50 

16,970 

18.75 

12,620 

18.30 

9,613 

18.20 

8,796 

17.95 

7,807 

17.85 

7,670 

17.95 

7,502 

17.80 

5,981 

Daily  gage  height,  in  feet,  of  Colorado  River  at  Yuma,  Ariz.,  for  1905. 


Day. 


1.. 
2.. 
3.. 
4.. 

5.. 
6.. 

7.. 

8.; 

9.. 
10.. 
11. 
12. 
13. 


18.5 

18.5 

18.5 

1&.6 

18.75 

18.96 

19.0 

18.9 

18.65 

21.0 

19.25 

19.2 

19.25 

14 19.46 


15.. 
16.. 
17.. 
18.. 
19.. 
30.. 
21. 


.  19.65 
.j  19.75 
.  22.2 
.  23.8 
.'  22.2 
.'  21.0 
.   20.46 


.1  20.3 
.|  20.0 


22 1  20.55 

23 

21 

25 

26 

27 

28. 

29 

30 

31 


19.8 

19.75 

19.65 

18.55 

19.4 

19.35 

19.3 


19.45 

19.6 

19.7 

19.7 

20.3 

21.2 

21.05 

27.2 

28.75 

26.6 

24.1 

22.95 

22.4 

22.2 

22.25 

21.6 

21.1 

21.4 

22.65 

24.9 

25.75 

25.85 

23.55 

22.0 

21.45 

23.65 

23.5 

23.5 


23.9 
25.05 
26.7 
26.7 
25.3 
I  24.8 
I  24.8 
'  24.7 
24.1 
23.9 
24.1 
24.75 
24.35 
23.7 
24.35 
26.35 
27.35 
26.55 
28.1 
30.3 
29.75 
28.9 
27.75 
25.6 
24.1 
23.4 
23.1 
22.86 
22.4 
22.0 
21.9 


21.5 

21.4 

21.3 

21.3 

21.65 

22.6 

22.5 

22.1 

22.0 

22.0 

21.85 

22.10 

25.45 

20.25 

29.65 

27.2 

24.9 

24.55 

24.9 

24.4 

23.3 

22.8 

22.6 

22.35 

22.6 

23.45 

23.95 

24.15 

23.95 

24.55 


25.0 

24.7 

24.7 

24.25 

24.25 

24.55 

24.7 

25.1 

25.75 

26.1 

26.3 

26.1 

25.5 

25.1 

25.0 

25.05 

24.95 

24.7 

24.5 

24.3 

!  24.45 

I  24.65 

24.85 

I  25.25 

'  25.55 

'  25.75 

j  26.0 

26.4 

26.8 

27.0 

i  27.4 


27.55 

26.8 

27.8 

26.5 

28.0 

25.9 

28.2 

25.45 

28  35 

25.45 

28.45 

25.0 

28.55 

24.6 

28.3 

24.1 

28.2 

23.8 

28.15 

23.35 

28.2 

22.8 

28.25 

22.6 

28.4 

22.1 

28.7 

22.0 

28.7 

21.9 

28.75 

21.95 

28.85 

22.25 

28.95 

21.7 

29.15 

21.3 

29.05 

21.25 

29.10 

20.95 

29.1 

20.7 

29.0 

20.5 

28.85 

20.5 

28.75 

20.45 

28.55 

20.35 

28.25 

20.2 

27.9 

20.05 

27.6 

19.95 

27.25 

20.0 

19.95 

19.95 

19.9 

19.85 

19.8 

19.8 

19.9 

20.3 

20.5 

20.3 

20.2 

20.45 

20.4 

20.15 

20.1 

19.75 

19.6 

19.35 

19.15 

19.05 

19.0 

18.85 

18.8 

18.75 

18.7 

18.65 

18.65 

18.7 

18.7 

,  18.65 
19.5 

j  18.8 


Sept. 

Oct. 

Nov. 

Dec. 

18.5 

18.0 

18.4 

28.05 

18.4 

18.0 

18.45 

24.05 

18.4 

18.3 

18.5 

23.95 

18.45 

18.8 

18.4 

22.9 

18.4 

19.0 

18.35 

21.3 

18.3 

18.95 

18.35 

20.5 

18.2 

20.05 

18.4 

20.0 

18.3 

20.2 

18.65 

19.5 

18.45 

20.6 

18.75 

19.2 

18.95 

20.3 

18.8 

18.95 

18.7 

20.1 

18.8 

18.75 

18.6 

19.95 

19.0 

18.45 

18.85 

19.7 

18.76 

18.4 

19.45 

19.3 

18.65 

18.3 

19.2 

19.2 

18.75 

18.2 

18.8 

19.1 

18.85 

18.2 

18.65 

18.9 

18.85 

18.0 

18.6 

18.75 

18.8 

17.95 

18.6 

18.7 

18.95 

17.9 

18.7 

18.7 

18.9 

17.95 

18.6 

18.65 

18.8 

17.8 

;  18.45 

18.6 

18.8 

17.85 

18.45 

18.6 

18.8 

17.85 

18.4 

18.6 

18.7 

17.9 

18.35 

18.6 

18.75 

17.85 

,  18.2 

18.5 

18.8 

17.95 

18.0 

18.4 

19.05 

17.9 

'  18.0 

18.35 

21.3 

17.8 

18.0 

18.4 

26.2 

17.8 

;  18.0 

18.45 

31.3 

17.8 

18.4 

17.8 
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Daily  discharge,  in  second-feei,  of  Colorado  River  at  Yuma,  Ariz.,  for  1906. 


Day. 


10. 
11., 
12., 
13.. 
14., 
15. 
1«. 
17., 
18., 
19. 
20. 
21., 
22. 
23. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Jan. 


Feb. 


3,760 
3,750 
3,800 
3,985 
4,300 
4,670 
4,700 
4,500 
4,170 
16,090 
6,400 
6,300 
6,35o' 
7,00o| 
8,370^ 
8,600| 
20, 100, 
27,500 
19,300' 
12,120 
9,300 
10,170 
7,863 
7,900 
7,025 
6,770 
6,250 
5,730 
5,400 
5,070 
4,900 


5,800 
6,054 
6,500 
6,632 
9,800 
16,590 
9,400 
62,080 
82,820 
52,580 
37,320 
29,700 
22,800 
21,900 
22,500 
18,610 
14,600 
16,490 


47,000 
54,200 
54,730 
32,990 
21,990 
18,850 
30,500 


Mar. 


29,070 
39,260 
70, 170 
70,200 
51,100 
44,310 
44,100 
43,100 
36,400 
34,400 
38,620 
42,000 
38,870 
32,000 
36,720 
60,640 
65,820 
62,400 


31,500  73,440 


110,840 
103,500 
91,200 
76,930 
58,600 
43,050 
34,600 


27,730  31,020 


25,000 


I 


29,500 
26,900 
24,390 
23,500 


Apr. 

20,690 

20,100 

10,480 

19,450 

21,000 

30,100 

29,840 

25,800 

24,800 

24,900 

23,000 

26,100 

45,800 

93,800 

97,500 

70,100 

45,000 

43,600 

45,060 

43,400 

39,500 

35,900 

33, 

31,690{ 

33, 


May. 

41,520 

39,700 

39,700 

37,280 

37,100 

37,410 

38,000 

40,050 

46,000 

49,200 

52,000 

48,000 

38,840 

37,800 

37,300 

37,320 

37,000 

33,910 

34,200 

34,580| 

35,70oj 

37, 

38,390| 

41,500 


June.    July, 


61,500J 
65,300^ 
68,lti0 
67,900 
67,600 
67,600 
69,500 
72,930 
70,300 
69,600 
71,000 
72,590 
76,000 
82,020 
82,000 
83,000 
86,000 
88,60ol 
94,320 


91,500 


57,800 
55,500 
50,640 
45,000 
44,950 
42,400 
40,100 
37,200 
35,500 
32,980 
32,100 
31,720 
30,870 
29,500 
27,710 
28,300 
31,100 
25,300 
22,320 
22,250 
22,000 
21,500 
20,900 
20,800 
20,650 
20,460 
19,700 
18,910 
17,200 
17,500 
16,750 


Aug. 


16,400 
15,790 
14,700 
13,560 
12,900 
14,200 
15,940 
17,450 
16,770 
16,200 
16,960 
16,900 
16,150 
15,960 
14,500 
13,800 
11,900 
10,300 
9,757 
9,350 
8,690 
8,100 
7,796 
7,650 
7,380 
7,241 
7,240 
7,013 
6,850 
10,290 
7,500 


Sept. 


6,440 
6,280 
6,250 
6,464 
6,160 
5,644 
5,060 
5.560 
6,051 
8,000 
7,631 
6,900 
7,706 
9,667 
8,900 
7,700 
7,000 
6,743 
6,720 
7,131 
6,700 
6,080 
6,063 
5,890 
5,740 
5,260 
5,270 
5,280 
5,287 
5,260 


Oct. 


Nov. 


5,240 
5,220 
6,140 
7,170 
8,250 
7,300 
13,080 
13,560 
15,600 
14,060 
12,950 
12,100 
10,660 
9,100 
8,650 
8,290 
7,500 
6,950 
6,780 
6,700 
6,400 
6,100 
6,020 
6,000 
5,970 
5,760 
5,510 
5,400 
5,540 
5,670 
5,580 


Dec 


5,620 
5,720 
6,810 
5,750 
5,700 
5,710 
6,860 
6,360 
6,630 
6,680 
6,550 
6,950 
6,310 
6,050 
6,500 
6,790 
6,640 
6,660 
6,320 
6,240 
6,320 
6,400 
6,500 
6,520 
6,550 
6,580 
6,650 
24,600 
62,500 
102.700 


77,360 
37,160 
40,200 
35,000 
28,650 
23,300 
20,100 
16,970 
15,000 
13,700 
12,  G» 
10,500 
10,200 
9,610 
9,100 
8,800 
8,100 
7,810 
7,750 
7,720 
7,670 
7,640 
7,600 
7,560 
7,540 
7,500 
7,200 
6,700 
6,400 
5,080 
5,900 


Note.— Dally  discharge  obtained  by  indirect  method. 


EstimaUd  monthly  discharge  of  Colorado  River  at  Yuma,  Ariz.,  for  1906. 
[Drainage  area,  225,000  square  miles.] 


Month. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. . 

October 

November. 
December. . 


The  year. 


Discharge  In  second-feet. 


Maximum.  Minimum.       Mean. 


27,500 
82,820 

110,800 
97,600 
59,020 
94,320 
67,800 
17,450 
9,667 
15,500 

102,700 
77,360 


110,800 


3,750 

5,800 

23,500 

19,450 

33,910 

61,500 

16,750 

6,850 

5,060 

5,220 

5,620 

5,900 


3,750 


8,130 
28,100 
50,540 
37,830 
42, 170 
76,470 
30,310 
12,100 
6,495 
8,037 
12,000 
15,400 


27,300 


Run-off. 


Total  in 
acro-feet. 


Second-feet  r»««*K «« 


499.900 

1,661,000 

3,106,000 

2,251,000 

2,593,000 

4,550,000 

1,864,000 

744,000 

386,500 

494,200 

714,000 

946,900 


19,710,000 


0.036 
.125 
.225 
.168 
.187 
.340 
.135 
.064 
.029 
.036 
.053 
.068 


.121 


0.042 
.130 
.259 
.187 
.216 
.379 
.156 
.062 
.032 
.042 
.050 
.078 


1.64 
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Yearly  maximum  and  minimum  gage  heights ^  in  feet^  of  Colorado  River  ai  Yuma^  Ariz., 

1878  to  1906. 

[Compiled  from  the  records  of  Capt.  Isaac  Polhamus,  the  Southern  Pacific  Railroad,  and  the  United 

States  Oeological  Survey.] 


Year. 

Minimum.        i 

Year. 

Maximum.                Minimum. 

Height. 

Date. 

Height. 

Date. 

Height. 

Date,    i  Height. 

Date. 

1878 

1879 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

IfflS 

188» 

1800 

1801 

23.0 
20.0 
24.0 
23.5 
22.6 
24.5 

•  28.5 
24.7 
26.8 
23.5 
21.8 
22.4 
25.5 

^33.2 

June  24 
ifay  12 
Hay  31 
June  14 
June  18 
July    3 
June  27 
June  13 
June    6 
June  10 
June  25 
June    7 
June    5 
Feb.  26 

14.7 
13.2 
14.9 
15.0 
15.6 
14.0 
14.2 
13.7 
14.4 
14.9 
14.8 
15.4 
16.4 
16.4 

Dec.  31 
Oct.   14 
Dec.    8 
Jan.  25 
Dec.  20 
Dec.  14 
Dec.    5 
Feb.    8 
Jan.  19 
Jan.  26 
Jan.     4 
Sept.  27 
Jan.  29 
Sept.  22 

1802 

1893 

1894 

1895 

1806 

1897 

1808 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

25.6 
26.2 
23.7 
28.2 
24.5 
26.1 
23.6 
27.0 
26.0 
27.2 
24.6 
27.7 
26.3 
31.3 

July    3 
Hay  28 
June  14 
Jan.  20 
Sept.  30 
June    9 
June  27 
July     1 
June  10 
May  31 
Hay  26 
June  26 
June    5 
Nov.  30 

15.5 
15.5 
15.9 
16.8 
17.4 
17.9 
17.5 
17.0 
16.4 
16.2 
16.6 
16.8 
18.3 
17.8 

Dec.  31 
Jan.     2 
Jan.  23 
Feb.  13 
Dec.   17 
Dec.  21 
Jan.     8 
Oct.   17 
Sept.  10 
Jan.   14 
Sept.  28 
Jan.   13 
Dec  27 
Dec.  31 

•Said  to  be  highest  flood  for  17  years  preceding. 


h  Highest  flood  recorded. 


COLORADO  RIVER  BEIX>W  HEADING  NO.  8  OF  THE  IMPERIAL,  CANAL. 

Measurements  at  this  point  were  begun  July  12, 1905,  as  so  much  water  was  at  that  date 
going  down  the  canal  that  it  was  simpler  and  more  economical  to  measure  the  water  in  the 
old  channel  of  the  Colorado  than  to  continue  the  measurements  on  the  canal  itself. 

In  the  center  of  the  river,  opposite  heading  No.  3,  is  an  island  nearly  a  mile  long.  The 
channel  on  the  west  side  of  the  island  is  about  600  feet  wide;  that  on  the  east  side  is  about 
800  feet  wide.  At  first  the  dischai^  was  measured  at  a  point  below  the  island,  but  by 
August  15  a  sand  bar  had  formed  from  the  island  to  the  west  bank  of  the  river  below  the 
beading,  and  all  water  passing  down  on  the  west  of  the  island  entered  the  canal.  August  31 
a  gage  was  estabUshed  above  the  head  of  the  island,  and  after  that  date  all  discharge  meas- 
urements were  made  at  the  head  of  the  island.  Measurements  were  not  made  at  one  certain 
point,  but  at  any  favorable  cross  section  among  the  shifting  bars  of  mud  and  quicksand 
that  could  be  reached  and  measured  by  boat  or  by  wading. 

The  old  channel  continued  to  silt  up  gradually  and  the  new  one  to  scour  deeper,  and  Octo- 
ber 20, 1905,  all  the  water  was  carried  by  the  new  channel,  i.  e.,  the  Imperial  canal.  The 
California  Development  Company  made  a  serious  and  expensive  effort  to  turn  the  water 
back  by  constructing  a  dam  of  piles,  brush  mats,  brush,  and  sand  bags.  By  the  latter  part 
of  November  this  dam  had  progressed  sufficiently  to  raise  the  height  of  the  water  2.5  feet, 
and  about  300  second-feet  of  water  flowed  down  the  old  channel.  Most  of  the  great  flood  of 
November  29  at  its  crest  went  down  the  old  channel ;  but  by  the  time  it  had  receded  the  dam 
was  washed  away,  the  old  channel  was  silted  up  higher  than  before,  and  the  new  channel  was 
Boouied  still  deeper. 
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The  gage  is  a  vertical  rod  nailed  to  the  root  of  a  large  willow  stump  on  the  east  bank  of  the 
river.  It  is  located  at  a  point  nearly  opposite  the  upper  end  of  the  upper  row  of  piling, 
extending  from  the  head  of  the  island  obliquely  upstream  to  the  west  bank,  and  is  opposite 
station  425  of  the  Yuma  Valley  levee  line.  The  bench  mark  is  a  nail  in  a  willow  tree  20  feet 
above  the  gage  and  25  feet  from  the  bank;  elevation,  13.05  feet  above  the  zero  of  the  gage. 
Levels  from  the  levee  line  show  the  elevation  of  the  zero  of  the  gage  to  be  109.19  feet  above 
sea  level. 


Discharge  measurements  of  Colorado  River,  hdow  heading  No.  3  oflmperiai  canal  in  1905. 


Date. 

Hydrographer. 

Gage 
helgit 

Dift-    1 
charge.: 

1 

Date. 

Hydrographer. 

hei^t. 

Dis- 
charge. 

July  12 

July  30 

August  3 

August  10 . ... 

W.  D.  Smith 

Feet. 

Sec.-fL 
11,610  , 
2,484  ' 
1,999  j 
2,218  1 
1,109 
769 
557  1 
90  1 
1,232  ' 
175 
37 
1,014 

October  18.... 
October  25.... 
October  30.... 
November  4.. 

W.D.Smith 

do 

do 

do 

Feet. 
1.50 
1.00 
.95 
.95 

8ec.-fU 
25 

L.  B.  Bralnard . . . 

aO 

F.  R.  8.  Buttemer 
....  do 

'«0 

August  18 

August  24 

W.  D.  Smith    . 

November  11 
November  18 
November  25 
November  30 
December     7 
December   13 
December   17 
December   23 

do 

•  0 

do 



do 

2.10 
2.45 

87 

August  31 

September  7 . . 
September  14 . 
September  22 . 
September  28 . 
October  11 

do 

do 

do 

.do 

2.90 
1.80 
3.80 
2.10 
1.60 
3.50 

do 

J.  A.  Tolln 

205 
b 70, 000 

W.  D.  Smith 

878 

do 

eO 

do 

....do 

CO 

do 

do  

aO 

a  No  discharge  October  20  to  November  11. 


b  Estimated. 


c  No  discharge  December  13--3L 


CANALS  BELOW  YUMA,  ARIZ. 

COLORADO  VALLEY  FXJICPniO  AKB  IKBIOATIOK  OOMPAHTS  OAVAL  AT  TTIKA,  ABIZ. 

This  canal  diverts  water  from  the  Colorado  River  at  Yuma,  Ariz.,  for  the  purpose  of  irri- 
gating land  in  the  upper  part  of  Yuma  Valley.  The  water  is  raised  by  a  large  centrifugal 
pump  operated  by  a  steam  engine  of  125  horsepower.  The  lift  varies  from  2  to  12  feet  in 
ordinary  seasons.  The  expense  of  pumping  is  about  S0.60  per  acre-foot,  not  including  inter- 
est on  investment  and  deterioration  of  plant.  The  amount  of  water  used  during  1904  was 
accurately  determined  by  W.  D.  Smith,  and  reported  in  Water-Supply  Paper  No.  134,  page 
42, under  the  head  of  "  Duty  of  water  and  seepage  investigations."  Measurements  made  in 
1903  are  reported  in  Water-Supply  Paper  No.  100.  During  1905  the  zanjero  used  the  same 
"irrigating  head "  as  for  the  year  preceding,  his  measurements  being  made  by  weirs.  This 
was  checked  by  a  meter  gaging  on  September  26,  which  gave  a  discharge  of  34.1  second-feet. 
The  engineer,  H.  H.  Alexander,  kept  a  record  of  the  number  of  irrigating  heads  pumped 
every  hour  the  pump  was  in  operation  during  1905.  The  following  table  is  based  on  his 
record.  The  rainfall  data  were  furnished  by  S.  II.  Ilackett,  of  the  United  States  Weather 
Bureau. 
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Monthly  duty  of  water  of  the  (Colorado  VdUey  Pumjnng  and  Irrigation  Company's  canal  and 
rainfall  at  Yuma,  Am.,  for  1905. 


Duty  of  water  (acre-feet). 


Total. 


Per  acre, 
gross  area. 


Per  acre, 
net  area. 


RainfaU 
(Inches). 


January. . . 
February.. 

March 

April 

May 

June 

July.-. 

August 

September. 

October 

November. 
December.. 


220 

250 

0 

1,180 

1,470 

1,240 

1,260 

1,550 

1,310 

530 

350 

300 


a03 
.04 
.00 
.18 
.23 
.19 
.19 
.24 
.20 
.08 
.06 
.06 


a  10 
.11 
.00 
.51 
.64 
.54 
.55 
.67 
.67 
.23 
.15 
.13 


1.15 

3.43 

3.33 

.16 

.00 

.00 

.00 

.02 

.52 

.02 

2.44 

.32 


Total  Irrigation 

Total,  including  rainfall. 


0,660 


1.48 


4.20 
5.15 


11.39 


Mixed  crops:  Alfalfa,  1,350  acres:  grain,  470  acres;  com  and  soighum,  250  acres;  miscellaneous,  230 
acxee.  Total  net  area,  2,300  acres;  total  gross  area,  6,500  acres;  number  of  irrigators,  75.  Average 
annual  rainfall  at  Yuma,  3  inches. 

The  above  includes  loss  by  seepage. 

FAKMBBB*  OAKAL  IfBAR  YTIKA,  ABIZ. 

Tliis  canal,  the  property  of  the  Yuma  Valley  Union  Land  and  Water  Company,  diverts 
water  from  Colorado  River  at  a  point  1  mile  below  Yuma,  Ariz.,  for  the  purpose  of  irrigating 
lands  in  Yuma  Valley. 

Measurements  have  been  made  at  the  heading  immediately  at  the  river  since  May,  1903, 
by  means  of  a  boat  and  cable  or  by  wading.  As  the  point  of  gaging  is  above  the  controlling 
head  gate,  gage  heights  would  be  of  no  value  for  the  purpose  of  constructing  rating  tables 
and  no  gage  has  been  established.  The  height  at  any  date  may  be  obtained  approximately 
by  subtracting  1  foot  from  the  gage  reading  at  Yuma. 

The  canal  is  heavily  silted,  and  during  1905  has  been  dry  much  of  the  time. 

Results  of  measurements  made  in  previous  years  are  contained  in  Water-Supply  Papers 
Nos.  100  and  134  of  the  United  States  Geological  Survey. 


Discharge  meamrements  of  Farmers*  Caned  near 

Yuma,  Ariz.,  for  1905. 

Date.         1                                 Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

Dis- 
charge. 

Tfwnuary  13    . .      W.  T>,  Smith 

8q.feet. 
31 
31 
67 
37 

Ft.  per  sec. 

0.71 

.58 

1.91 

2.27 

Sec.'ft. 
22 

March  7 do 

18 

Hay  U do 

128 

June  30 do 

84 

LtTDY  OAITAL  IfBAB  YUKA,  ABIZ. 

This  canal  is  the  property  of  the  Irrigation  Land  and  Improvement  Company.  It  diverts 
water  from  Colorado  River  at  a  point  3  miles  below  Yimia,  Ariz.,  for  the  purpose  of  irrigating 
lands  in  Yuma  VaUey. 

Miscellaneous  measurements  have  been  made  at  the  heading  since  March,  1903.  June  6, 
1905,  a  gage  was  established  and  a  nilometer  placed  on  the  canal  by  W.  D.  Smith,  at  the 
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second  gate  and  bridge,  which  is  1  mile  from  the  river.  No  water  is  taken  from  the  cana 
above  this  gate.  The  gage  is  nailed  to  the  west  wall  of  the  flume  below  the  bridge.  The 
bench  mark  is  a  nail  driven  into  the  top  of  the  west  end  of  an  8  by  8  inch  timber  at  the  lower 
side  of  the  bridge.  Its  elevation  is  15.00  feet  above  the  zero  of  the  gage.  The  elevation  of 
the  top  of  the  floor  of  the  bridge  at  the  southwest  comer  is  16.10  feet  above  the  zero  of  the 
gage.  Dischai^e  measurements  are  made  from  the  lower  side  of  the  bridge.  The  initial 
point  is  the  east  end  of  the  8  by  8  inch  timber  referred  to  above.  The  canal  is  straight  both 
above  and  below  the  gate.  The  velocity  of  the  cross  section  is  fairly  uniform.  The  gagv' 
height  is  not  affected  by  any  gates  farther  down  the  canal. 

The  canal  is  badly  silted  up  and  is  dry  much  of  the  time  at  low  water.    During  the  floods 
of  1905  the  banks  were  overflowed  and  considerably  damaged. 

DiscJiarffc  measuremenis  of  Ludy  canal  near  Turruif  Ariz. ,  for  1906. 


Date. 

Hydrographer. 

Area. 

Mean 
velocity. 

Gage 
height. 

Dis- 
chai:ge. 

March  21 

W.D.Smith           

Sq.ft. 
405 
128 
104 
174 
799 
235 
152 

Ft.  per  sec. 

0.90 

.18 

.64 

1.97 

2.42 

1.16 

.19 

Feet. 

Sec.-fL 
36S 

April  6 

do 

23 

Mays 

do 

67 

Juao 6 

..  .do  

343 

June  17 

do 

12.60 
10.40 
9.30 

1,932 
271 

July  11 

do 

July  15 

.....do 

29 

TinnntTAT.  oaITAL  AT  ESADIN08  IK  TTNITED  STATES  AlTD  KEXICO. 

Oeneral  statement. — ^The  original  heading  of  the  Imperial  canal,  designated  in  the  follQw- 
ing  tables  as  heading  No.  1,  is  located  about  10  miles  by  Colorado  River  below  Yuma,  Ariz., 
on  the  California  side,  immediately  above  the  international  boundary  line  and  opposite  Pilot 
Knob  Mountain.  The  California  Development  Company  is  now  constructing  a  permanent 
gate  on  bed  rock  at  a  spur  of  this  mountain  in  place  of  the  wooden  one  now  in  use.  During 
the  summer  of  1904  a  second  heading  was  made  immediately  below  the  boundary  line,  and 
in  October  of  the  same  year  an  opening  was  made  to  the  river  at  a  point  4  miles  below  the 
boundary.  This  last  opening  is  designated  as  heading  No.  3.  No  gage  was  placed  at  either 
heading  No.  2  or  No.  3.  The  canal  runs  parallel  to  the  river  for  the  first  4  miles  of  its  course, 
so  that  it  was  necessary  to  cut  a  channel  only  one-half  mile  long. 

The  first  12  miles  of  the  canal  was  constructed;  the  remaining  40  miles  is  an  old  natural 
channel,  called  Alamo  River.  The  whole  length  of  the  canal  lies  in  the  Colorado  River 
delta,  which  is  composed  of  loose,  sandy  soil,  covered  with  a  heavy  growth  of  mesquite, 
willow,  and  arrowwood.  The  canal  as  a  whole  had  a  greater  fall  per  mile  than  the  river, 
but  for  the  first  15  miles  the  fall  was  less  than  that  in  the  river,  and  for  this  reason  the  canal 
had  to  be  dredged  constantly  to  keep  it  open.  The  exceptional  floods  of  January,  February, 
March,  and  April,  1905,  scoured  it  out  to  a  channel  of  considerable  depth,  and  during  the 
regular  annual  flood  of  May  and  June,  which  was  unusually  high  and  long,  this  scouring  was 
continued  to  such  an  extent  that  when  the  flood  began  to  recede  and  the  river  again  began 
to  deposit  mud,  the  velocity  in  the  canal  was  much  greater  than  in  the  river  below  heading 
No.  3.  The  result  was  that  the  old  river  channel  silted  up  heavily  while  the  new  channel, 
the  canal  from  heading  No.  3  down,  was  still  scouring.  As  the  old  river  channel  filled  with 
silt  a  greater  proportion  of  the  water  went  down  the  canal,  increasing  the  velocity;  and  as 
the  canal  scoured  deeper  the  amount  and  velocity  of  the  water  going  down  the  old  channel 
were  decreased.  These  reactions  were  so  great  that  the  process  of  scouring  a  new  channel, 
which  had  been  going  on  slowly  for  several  months,  began  to  make  rapid  progress.  The 
canal  was  widened  in  a  few  days  from  100  to  300  or  400  feet.  June  30  the  total  discharge  of 
the  river  was  61,500  second-feeti  22  per  cent  of  which  went  down  the  canal;  July  8  the  total 
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dischaiige  was  37,200  second-feet,  67  per  cent  of  which  went  down  the  canal.    All  efforts  to 
stop  the  flood  proved  ineffectual. 

Meter  measurements  have  been  made  weekly  during  the  year  to  determine  the  total 
amount  of  water  diverted  by  the  canal,  the  amount  diverted  in  the  United  States,  the 
amount  diverted  in  Mexico,  and  the  amount  going  down  the  old  river  channel. 

Besides  miscellaneous  gagings  farther  down  the  canal,  measurements  were  made  at  five 
points,  as  follows:  Heading  No.  1,  heading  No.  2,  heading  No.  3  above  its  junction  with  the 
original  canal  (giving  dischaige  of  heading  No.  3  alone),  heading  No.  3  below  t^  junction 
(giring  the  total  dischaige  of  the  canal),  and  the  old  channel  of  the  Colorado  bc^ow  heading 
No.  3.  At  all  of  these  stations  except  the  last  the  conditions  are  constantly  changing.  The 
banks  are  washing  away  or  being  filled  in,  and  the  bed  is  silting  up  or  scouring  out  and  being 
dredged  out.  For  these  reasons  it  has  been  necessary  to  put  in  new  gages  often.  The  fre- 
quent passage  of  baiges  and  dredges  has  rendered  the  maintenance  of  permanent  cables 
impracticable,  and  a  light  cable  has  been  stretched  for  each  gaging.  Measurements  each 
week  have  been  made  at  such  points  as  would  give  the  desired  results,  directly  or  indirectly, 
with  the  least  expenditure  of  time  and  money. 

The  total  discharge  of  the  canal  during  1905  was  obtained  as  follows:  From  January  1  to 
March  10  by  direct  meter  measurements  at  heading  No.  3  below  the  junction;  from  March 
1 1  to  June  30  by  adding  discharges  of  headings  Nos.  1 , 2,  and  3;  from  July  1  to  December  31 
by  subtracting  the  dischaige  of  the  old  channel  below  heading  No.  3  from  the  discharge  of 
Colorado  River  at  Yuma.  To  obtain  the  dischaige  of  the  old  channel  below  heading  No.  3 
on  the  dates  when  it  was  not  measured  directly,  the  total  dischaige  of  the  canal  was  sub- 
tracted from  the  dischaige  of  the  Colorado  at  Yuma. 

The  mean  dischaige  of  heading  No.  1  for  each  month  was  obtained  by  averaging  results  of 
meter  measurements.  The  mean  dischaige  of  the  whole  canal  for  each  month  was  obtained 
in  the  same  way.  Measurements  for  the  first  ten  months  are  so  well  distributed  that  they 
are  given  equal  weight.  On  account  of  the  flood  of  November  29,  the  estimate  for  Novem- 
ber and  December  is  based  on  an  interpolation  of  the  percentage  of  the  total  flow  of  the 
river  diverted  by  the  canal.  As  the  flood  in  the  old  channel  lasted  only  five  days,  any  error 
from  this  method  of  calculation  is  not  great. 

The  monthly  summary  of  the  discharge  of  headings  Nos.  2  and  3,  showing  total  diversion 
made  in  Mexico,  is  obtained  by  subtracting  the  dischaige  of  heading  No.  I  from  the  total. 
The  monthly  summary  of  the  discharge  of  the  old  channel  below  heading  No.  3  is  obtained 
by  subtracting  the  total  dischaige  of  the  canal  from  the  discharge  of  Colorado  River  at 
Yuma. 

No  gage  observer  was  obtainable  for  the  three  lower  stations,  but  gage-height  records 
were  kept  at  headings  Nos.  1  and  2. 

June  15, 1904,  a  waste  gage  was  put  in  operation  at  a  point  12  miles  below  heading  No.  1, 
called  the  Quail  River  waste  gate.  Water  going  through  this  gate  passes  through  Quail 
River  into  Padrones  River  and  thence  into  Volcano  Lake.  Volcano  Lake  has  two  outlets — 
New  River,  which  discharges  into  Salton  Basin,  and  Hardy  River,  which  discharges  into  the 
Gulf  of  California  through  the  old  channel  of  the  Colorado.  March  20, 1905,  the  flood  silted 
up  the  channel  leading  from  the  waste  gate  and  no  more  water  has  been  diverted  from  the 
canal  at  this  point. 

After  the  flood  of  November  29,  1905,  a  channel  was  dredged  from  the  canal  to  Quail 
River  from  a  point  15  miles  below  heading  No.  1,  and  a  considerable  amount  of  water 
diverted  to  Padrones  River  and  Volcano  Lake.  All  the  water  gomg  down  the  canal  past 
this  point  dischaiges  through  Alamo  and  New  rivers  into  Salton  Basin,  except  what  is  lost 
by  seepage  and  used  for  irrigation  in  the  Imperial  Valley. 

The  results  of  the  discharge  measurements  made  at  the  two  waste  channels  mentioned 
above  will  be  found  in  the  list  of  miscellaneous  discharge  measuremenUs. 

Heading  No.  1. — This  station  was  established  October  24,  1903.  It  is  located  half  a 
mile  from  the  river,  600  feet  below  the  wooden  head  gates,  and  is  10  miles  by  river  below 
Yuma,  Ariz.,  on  the  California  side.  ^^  I 
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The  channel  is  straight  for  600  feet  above  and  300  feet  below  the  cable  and  has  a  width 
of  70  feet.  The  right  bank  is  low  and  is  liable  to  overflow;  the  left  bank  has  an  eleration 
of  6  feet  above  high  water.  The  bed  of  the  canal  is  composed  of  silt  and  sand,  is  fiw 
from  vegetation,  and  is  very  unstable.  There  is  but  one  channel  at  all  stages,  but  when 
the  gage  at  Yuma  reads  about  26  feet  the  river  overflows  into  the  channel  below  the 
gaging  section.    The  current  has  a  moderate  velocity. 

Discharge  measurements  are  made  by  means  of  a  boat  and  cable.  The  initial  point 
for  soundings  is  a  charred  post  at  the  southeast  comer  of  the  corral  about  150  feet  west 
of  the  right  bank. 

A  vertical  gage,  which  is  read  twice  each  day  by  J.  S.  Carter,  is  located  just  above  the 
international  boundary  line,  on  the  right  bank.  The  gage  is  referred  to  bench  marks  as 
follows:  (1)  A  standard  United  States  Greological  Survey  iron  bench-mark  poet,  located 
near  monument  207  of  the  United  States  and  Mexico  boundary  line,  on  a  hill  about  half 
a  mile  west  of  the  gaging  station;  elevation,  52.41  feet  above  the  zero  of  the  gage  and 
155  feet  above  sea  level.  (2)  A  nail  in  a  tree  on  the  right  bank;  elevation,  15.20  feet 
above  the  zero  of  the  gage.  (3)  A  nail  in  a  post  near  the  ground  on  the  right  bank  near 
the  corral;  elevation,  14.90  feet  above  the  zero  of  the  gage. 

The  canal  at  this  heading  is  filled  with  mud  and  has  been  temporarily  abandoned,  but 
some  flood  water  passed  through  it  during  1905  and  was  carefully  measured. 

Heading  No.  ^. — ^This  heading  diverts  water  from  Colorado  River  at  a  point  in  Mexico 
50  feet  below  the  international  boundary  line,  400  feet  below  heading  No.  1,  and  10  miles 
by  river  from  Yuma,  Ariz.  The  station  was  established  January  12,  1905,  and  weekly 
dischai^  measurements  were  made  until  August  31,  1905. 

The  channel  is  straight  for  200  feet  above  and  600  feet  below  the  cable  and  is  about 
80  feet  wide.  "Die  bed  and  banks  are  composed  of  clay  and  silt  and  arc  unstable,  lliere 
is  but  one  channel  at  all  stages,  but  when  the  gage  in  Yuma  reads  about  28  feet  the  river 
overflows  into  the  canal  below  the  gaging  section.  As  the  canal  from  heading  No.  1  joins 
this  canal  about  800  feet  below  the  gage  rod,  the  two  gages  read  about  the  same. 

Discharge  measurements  are  made  by  means  of  a  boat  and  cable.  The  initial  point  for 
soundings  is  a  clump  of  three  willow  trees  growing  near  the  north  bank  200  feet  below  the 
gage. 

A  vertical  rod  gage,  which  is  read  daily  by  A.  H.  Chance,  is  driven  into  the  north  bank 
of  the  canal  at  a  p)oint  50  feet  from  the  river.  The  bench  marks  and  the  elevation  of  the 
zero  of  the  gage  are  the  same  as  for  heading  No.  1 . 

Heading  No.  3  {above  ike  junction). — This  heading  or  intake  is  in  Mexico,  4  miles  below 
the  California-Mexico  boundary  line  and  14  miles  by  Colorado  River  below  Yuma,  Ariz. 
The  station  was  established  March  8,  1905.  The  p)oint  of  gaging  is  about  one-half  mile 
from  the  river  and  150  feet  above  the  junction  of  heading  No.  3  with  the  original  canal. 
Gagings  at  this  point  give  the  discharge  of  heading  No.  3  alone. 

The  channel  is  straight  for  500  feet  above  the  point  of  gaging  and  nearly  straight  for 
500  feet  below.  In  the  highest  floods  the  banks  are  overflowed  both  above  and  below 
the  station.  The  cross  section  is  regular,  the  bed  is  unstable,  and  the  current  is  swift. 
During  July,  1905,  the  flood  widened  the  channel  from  100  to  300  feet  and  lowered  the 
bed  about  10  feet. 

Dischai^  measurements  are  made  by  means  of  a  boat  and  cable.  The  initial  point  for 
soundings,  a  willow  stake  on  the  north  bank,  was  washed  away  by  the  flood  in  July,  1905. 

The  gage  and  bench  marks  are  the  same  as  for  heading  No.  3  below  the  junction, 
described  below.  The  gage  height  is  an  indication  of  the  total  discharge  of  the  canal  and 
not  of  this  heading  alone. 

Heading  No.  3  (below  the  junction). — This  station  was  established  October  7,  1904.  The 
point  of  gaging  is  about  one-half  mile  from  the  river  and  300  feet  below  the  junction  of 
heading  No.  3  with  the  original  cfinal.  Gagings  at  this  point  give  the  total  dischaige  of 
the  canal. 
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llie  channel  is  strai^t  for  300  feet  above  and  500  feet  below  the  fable.  The  banks 
are  subject  to  overflow.  The  cross  section  is  regular.  The  bed  of  the  canal  is  composed 
of  silt  and  sand  and  is  very  unstable.  During  July,  1905,  the  canal,  which  at  this  point 
was  about  100  feet  wide,  was  scoured  out  to  a  width  of  400  feet  and  the  depth  increased 
about  8  feet. 

Discharge  measurements  are  made  by  means  of  a  boat  and  cable. 

The  gage  is  a  vertical  rod  on  the  south  bank  and  is  referred  to  bench  marks  as  follows: 
(1)  A  nail  in  the  central  one  of  three  willow  trees  20  feet  from  the  bank  and  100  feet  above 
the  gage;  elevation,  15.83  feet  above  the  zero  of  the  gage.  This  bench  mark  was  originally 
2  feet  above  the  surface  of  the  ground  but  is  now  2  feet  below,  as  soil  was  deposited  hem  to  a 
depth  of  about  4  feet. by  the  flood  of  March  20, 1905.  (2)  A  nail  on  the  north  side  of  a  laige 
willow  stump  100  feet  south  of  the  south  bank  and  500  feet  upstream  froin  the  gage;  ele- 
vation, 22.26  feet  above  the  zero  of  the  gage. 

Information  in  regard  to  this  canal  is  contained  in  the  following  Water-Supply  Papers  of 
the  United  Stotes  Geological  Survey:  85,  p.  77;  100,  pp.  27-29;  134,  pp.  26-39. 


Diseharge  measwemtrUs  made  at  the  Imperial  canal  headings  during  1906. 


Janmry  12... 
January  26... 
Februarys. . 
February  H. 
February  28 . 

Man±8 

March  18 

Man^21 

March  28 

AprUe 

AprU20 

April  27 

May  3 

May  11 

May  17 

May25 

Jnne 1 

Jane! 

Jane  15 

June  23 

June  30 

Julys 

JulyX 

July  25 

AagUBt3 

August  10 

August  18.... 
August  24. . . . 
August  31... 


Date. 


Heading 
No.  1. 


Heading 
No.  2. 


Heading  No.  3. 


90 


460 


1,110 
1,270 
2,5G0 
530 
450 
760 
460 
180 


390 


Alx)ve 
junction. 


Below 
junction. 


Total 
dlschaige 
of  canal. 


900 


1,720 


840 
750 
480 
440 
470 


1,180 
1,530 
1,920 
1,750 
1,650 
2,ffl0 


3,360 
4,160 
3,780 
3,560 
4,500 
5,830 
6,130 
6,880 
10, 430 


15,480 
11,220 


900 
990 
6,690 
2,480 
3,100 
3,600 


a  25, 000 


900 
990 
6,690 
2,480 
3,100 
3,600 
5.000 
6,750 
3,460 
3,290 
4,560 


5,010 
6,100 
5,36e 
5,350 
6,740 
8,490 
8,830 
10.140 
13,960 
« 25, 000 
17.200 


o  Estimated. 

NOTK.— Figures  in  first  four  columns  represent  measurements;  figures  in  fifth  column  are  derived 
from  the  preceding.    For  discharge  of  canal  J  uly  25  to  December  31 ,  see  following  table. 
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Portum  of  Colorado  River  diverted  hy  Imperial  canal  dvanng  1906, 


Date. 


Dlachange  of  Colorado 
River  in  second-feet. 


At  Yuma. 


Below 
heading 
No.  3.  of 
Imperial 

canal. 


Diversion  by  Impe- 
rial canaL 


Second- 
feet. 


January  12  — 

January  26 

Februarys 

February  14.. 
February  28.. 

MarchS 

March  18 

March  21 

March  28 

Aprtie 

April  20 

May3 

May  11 

May  17 

May25 

Junel 

June? 

June  15 

June  23 

June  30 

Julys 

July  12 

July  20 

July  25 

July  30 

August  3 

August  10 

August  18 ... . 

August  24 

August  31 

S^tember  7 . . 
September  14 . 
September  22 . 
September  28 . 
October  11.... 
October  18. . . . 

October  25 

October  30 

November  4 . . 
November  11 . 
November  18 . 
November  25 . 
November  30 . 
December  7... 
December  13.. 
December  17.. 
December  23  . 
December  31 . . 


6,300 

6,770 

62,080 

21,900 

25,000 

43,100 

62,400 

103,500 

29,500 

30,100 

43,400 

39,703 

52,000 

37,000 

43,700 

61,500 

69,500 

82,000 

89,800 

61,500 

37,200 

31,720 

22,250 

20,650 

17,500 

14,700 

16,200 

10,300 

7,550 

7,500 

5,060 

9,670 

6,080 

5,280 

12.950 

6,950 

5,970 

6,670 

6,750 

6,550 

6,560 

6,550 

102,700 

20,100 

10,200 

8,100 

7,600 

5.900 


5,400 

6,780 

55,390 

19,420 

21,900 

39,500 

57,400 

96,750 

26,040 

26,810 

38,840 

34,690 

45,900 

31,640 

38,350 

54,760 

61,010 

73,170 

79,660 

47,540 

12,200 

11,610 

5,050 

0  8,150 

2,480 

2,000 

2,220 

1,170 

770 

560 

90 

1,230 

180 

40 

1,010 

25 


90 

200 

070,000 

880 


900 

990 

6,090 

2,480 

3,100 

3,600 

5,000 

6,r50 

3,460 

3,290 

4,560 

6,010 

6,100 

5,360 

5,350 

6,740 

8,490 

8,830 

10,140 

13,960 

a  25, 000 

20,110 

17,200 

0  12,500 

15,020 

12,700 

13,980 

9,130 

6,780 

6,940 

4,970 

8,440 

5,900 

6,240 

11,940 

6,925 

5,970 

6,670 

6,750 

6,550 

6,470 

6,350 

032,700 

19,220 

10,200 

8,100 

7,600 

5,900 


o  Approximate. 


Digitized  byVjOOQlC 


COLORADO    DBAINAGK    BASIN    BELOW    OILA    RIVER. 


25 


EslimaUd  monthly  discharge  of  Imperial  canal  during  1906. 


Month. 


neading  No.  1,  includ- 
ing total  diversion 
in  United  States. 


Second-  I    Total  in 
leet.     I  acro-feet. 


Headings  Nos.  2  and 
3,  including  total 
diversion  in  Mex- 
ico. 


Total  discharge. 


Second- 
feet. 


January 

February . . 

March 

April 

May 

Jane 

July 

Aug'ist 

September. 
October ... 
November. 
December. 


The  year . 


460, 
1,370  I 
555  I 
20i 
200  I 
130  L 


2,770 
25,&50 
84,240 
33,020 

1.230 
11,900 

7,990 


900 
3,630 
3,330 
3,370 
5,435 
9,430 

17,840 
9.905 
6,140 
7,626 
8,400 

12,200 


Total  in 
acre-feet. 


55,330 
201,600 
204,800 
200,500 
334,200 
561,100 
1,097,000 
609,000 
365,400 
468,800 
500,000 
750,000 


232  t    166,700     7,350   5,348,000     7,582    5,514,000 


Second- 
fret. 


945 
4,090 
4,700 
3,925 
5,455 
9,630 
17,960 
9,905 
6,140 
7,625 
08,400 
0  12,200 


Total  in 
acre-feet. 


58,100 

227,200 

289,000 

233.600 

335,400 

573,000 

1,105,600 

609,000 

365,400 

468,800 

0500,000 

0  750,000 


o  Approximate. 
TMTKTITAT.  VALLEY  0AHAL8. 

In  July,  1904,  stations  were  established  on  all  canals  entering  the  Imperial  Valley,  as 
follows:  Holt  canal,  Hemlock  canal,  Alamo  channel,  Alamitos  canal,  Main  canal,  and 
Boundary  canal.  These  stations  are  located  on  Um'ted  States  territory,  and  each  is  near 
the  California-Mexico  boundary  line. 

Dischaige  measurements  are  made  from  footbridges  constructed  at  each  station. 

The  gages  are  vertical  4  by  4  inch  timbers  substantiaUy  embedded  in  the  ground.  Auto- 
matic water-stage  registers,  from  which  the  daily  gage-height  record  is  compiled,  were  placed 
at  the  first  five  stations  mentioned  above.  These  canals  enter  the  valley  east  of  Calexico, 
Cnl. 

In  October  a  canal,  known  as  canal  No.  6,  or  Wisteria  canal,  was  completed,  which  enters 
the  valley  west  of  Calexico,  Cal.  A  station  was  established  on  this  canal  in  November  and 
weekly  discharge  measurements  made.  After  April  11,  1905,  the  Holt  canal  supplied  a 
much  lai^r  district  than  originally,  covering  territory  which  had  been  taking  its  supply 
from  Alamo  channel,  near  Eastside  levee.  A  new  canal,  known  as  New  Holt  or  No.  7,  was 
built  to  replace  the  Holt,  and  a  station  was  established  in  May.  A  station  was  also  estab- 
lished on  the  Tamareck  canal  in  June.  The  latter  canal  diverted  water  from  New  River 
to  a  district  on  the  west  side  of  New  River  below  Imperial,  which  formerly  obtained  its  sup- 
ply from  Main  canal.  Gages  were  estabUshed  at  both  of  these  stations,  but  no  automatic 
registers  were  placed  on  either  canal. 

The  station  on  Alamo  channel  was  inaccessible  after  the  end  of  February  on  account  of 
the  flooded  condition  of  the  country.  Water  was  not  taken  from  the  Alamo  for  inigation 
after  starch,  Dischai^ge  measurements  were  also  made  at  Rock  wood,  on  Alamo  River,  but 
no  gage  heights  were  kept.  They  show  the  amount  of  water  flowing  through  this  channel 
to  Salton  Sea. 

Measurements  were  made  at  Brawley,  on  New  River,  for  a  similar  purpose.  They  were 
naade  under  such  difficulties,  however,  that  they  are  of  little  value.  Measurements  made 
*t  Calexico  were  used  to  determine  the  waste  into  Salton  Sea,  since  the  only  diversion  was 
through  Tamarack  canal.  A  large  quantity  of  water  was  wasted  .from  Main  canal  into 
New  River  below  the  gaging  station  at  Calexico;  this  waste  wa.s  measured  and  added  to 
the  diachaige  of  New  River  in  making  estimate  of  total  discharge  of  New  River  into  Salton 
Uke. 

IBB  177— 06 3 


Digitized  byVjOOQlC 


26 


STREAM  MEASUREMENTS   IN   1905,  PART   XIII. 


A  description  of  these  stations,  with  gage  height  and  dischaige  data,  is  contained  in 
Water^upply  Paper  No.  134,  United  States  Geological  Survey,  pages  2^-39, 

Diaduurge  meaatiremerUa  ofHoU  canalf  near  CaUxicOy  Col.,  in  1905. 


Date. 


Hydrographer.     ,2^,;  eh^j^.   } 


i 


R. 


.do 

R.  McCoslin  .. 


January  4 W.  V.  Hardy. 

January  12 do 

January  19 do 

January  26.. do , 

February  2. ..' do 

February  9 do 

February  17.  .| do 

February  24 
March  13.... 

March  20 j do 

March  27 | do 

April  3. ' do 

April  10. I do 

Aprill7 do 

April  24. do 

May  1 do 

Mays. do 

May  15 do 

May  22. do 

May  29. I do 

June  5 ' do 

June  12 do 

June  18 1 do 


Feet. 
1.30 
1.41 
1.43 
1.23 
1.23 
1.07 
1.90 
.93 
1.88 
2.06 
2.84 
2.81 
1.13 
3.70 
3.70 
3.37 
2.76 
2.91 
2.92 
2.70 
2.86 
3.02 
1.69 


Sec.'ft. 

19.5 

30 

28 

19.5 

18.1 

13.5 

40 

11.1 

51 

64 
118 
131 

21 
246 
256 
202 
143 
163 
169 
128 
150 
177 

57 


Date. 


I  June  26 

July  3. 

July  10. 

July  17 

July  24. 

July31 

August  7 

August  14.... 

August  21 

August  21 

August  28 

September  4. 
October  10. . . 


Hydrog^pher.    '^^^^-^ 


R.  R.  McCoslin. . 

....do 

....do 

....do 

do 

....do 

....do ! 

....do 

....do 

....do 

....do 

....do 

W.V.Hardy... 


Feci. 

1.64 

a38 

.33 

.35 

.36 

.36 

1.45 

1.25 


October  17 do. 

I   October 23.-..' do. 

I   November 6...' do. 

I   November  13.. do. 

I   November 20..' do. 

I   November29 do. 

I    October  30. do. 

j   September  11.' do . 

jl  September  25.' do. 

i'  October  2 do. 


.039 
2.62 
2.67 
3.08 

.25 
2.65 
1.40 
1.51 
1.33 
1.31 
2.55 
2.88 
2.75 
2.80 


SeC'fi. 
50 
6.9 
6.1 

'  4.8 

1  ^2 

I  30 

I  38 

:     85 

1  5.1 

I    '" 

'       131 

:  i« 

I 

2 

128 

21 

35 

40 

22 

124 

IS9 

128 

137 


I 
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Day. 


Mean  daily  gage  height  f  in  feet  ^  of  Holt  canal,  near  Calexioo,  Col.,  for  1906, 


Jan.      Feb.     Mar.  |  Apr.  ]  May.  i  June.  •  July.  '  Aug.  ,  Sept. 


(1-0) 
(1.0) 
(1.2) 
(1.3) 
(1.3) 

5 j  (1.5) 

7 

8 

9 

0 

1 

2 

L3 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 


(1.5) 
(1.5) 
(1.5) 
(1.5) 
(1.5) 
1.4 
1.4 
1.35 
1.35 
1.35 
1.35 
1.35 
1.4    ' 
1.55 
1.65 
1.7 
1.6 
(1.45) 
1.3 

26 '  (1.25) 

27 1     1.1 

2S '       .95 

29 1     1.0 

» (l.l) 

31 '   (1.2) 


! 

1.25  ,  1.4    I 

1.25  1.3    I 

1.25  I  (1.45)[ 

1.25  '  (1.6) 

1.25  '  (1.4)  I 

1.3  1.4     , 
1.15  1.55  I 

(1.1)  1.7    I 

1.05  l.S    I 

1.05  1.65  ' 

1.05  (1.8)  ; 

1.0  ,  a.9)  I 

1.2  -  1.95  I 

1.4  2.0    I 

1.6  '  1.55  ! 
1.75  I  1.3    I 
1.8  ,  1.5    ' 
1.35  I  1.55 
1.4  •  1.95  , 
1.4  i  1.8    ' 
1.4  j  1.85 
1.4  '  2.05 
1.4  I  2.2    ' 

.95  ;  2.35  j 

1.1  i  2.2 

1.4  I  -2.6)  I 
1.55  [  2.85  , 

1.5  2.8    I 

2.6    ! 

I  2.7    j 

I  2.80    . 


I 


2.0  i 
2i8  , 
2.5    I 

2.6  ; 

3.05  I 
(3.3)  , 
(3.25) 
(3.25), 

2.15 

3.6  I 
3.65 
3.6 
3.55 
3.65 
3.65 
3.7 
3.8    I 
3.75  ' 
3.8    ' 
3.75 
3.75 
3.75 

3.7  I 
3.5    ' 
3.35 
3.35  ' 
3.a5 
3.35 
3.35  I 


3.3  ; 

3.25  ' 
3.3 

3.2    ' 
2.9    ' 
(2.75)' 
(2.75)1 
2.75 
2.75 
2.75 
2.75  I 

2.8  i 

2.9  < 
2.9 
2.85  ' 
2.9    I 

2.85  I 

2.86  . 
2.9 
2.9    , 

2.95 : 

2.95  ' 
2.7 
2.6 
2.5     ; 

2.45 ; 

2.5 
.•.55  ; 
2.9    , 
2.7    , 
2.65    . 


2.8 
2.85 
2.8 
2.8 
2.85 
2.95 
3.0 
2.95 
3.0 
3.05 
3.0 
2.95 
2.6 
2.5 
2.5 
2.6 
2.0 
1.75 
1.7 
1.65 
1.65 
1.6 
1.65 
1.6 
1.65 
1.G5 
0 
0 
0 
0 


0.0    , 

•«    . 

•*    1 
.35  , 

.35  1 

.35  1 

.35  1 

.35  1 

.35  I 

.35  I 

.35  I 

.35 

.35 

.35 

.35 

.35 

.35 

.35 

.35 

.35 

.35 

.35 

.35 

.35 

.35 

.35 

.35 

.3.5 

.35 

.35 

.35 


0.35 
.35 
.35 
.5 

1.15 
1.45 
1.55 
1.65 
1.65  1 
1.65  I 
1.55  , 
1.35  I 
1.3    I 
1.25  I 
1.1 
.95  I 
.95 
.95 
1.0 
1.0 
1.05 
1.5 
1.95 
2.0 
2.0 
2.0 
2.0 
2.6 
2.7 
2.75 
2.85 


3.05 

3.0 

2.75 

2.65 

2.7 

2.9 

2.7 

2.5 

2.75 

2.85 

2.9 

3.0 

3.1 

3.05 

3.0 

3.1 

3.15 

3.1 

2.6 

2.3 

2.75 

2.95 

2.9 

2.8 

2.0 

1.35 

2.25 

2.8 

2.8 

2.8 


Oct. 

Nov. 

Dec. 

2.8 

2.0 

1.3 

2.8 

1.7 

2.6 

2.8 

1.7 

2.8 

2.86 

1.7 

3.0 

2.85 

1.5 

3.0 

2.95 

1.4 

2.95 

3.1 

1.35 

2.9 

3.1 

1.35 

2.9 

3.15 

1.35 

2.85 

3.05 

1.4 

2.7 

3.15 

1.45 

2.7 

1.25 

1.5 

.25 

1.55 

.25 

1.7 

.25 

1.1 

.25 

.95 

.25 

.9 

.25 

.9 



.25 
1.2 
1.3 
1.5 
2.65 
2.65 
2.7 
2.7 
2.7 
2.7 
2.6 
2.4 
2.3 


.85 
1.05 

.95 

.9 

.95 
1.0 

.95 

.95 
85 

.8 

.9 
1.25 


Note.— Gage  heights  in  parentheses  are  estimated. 


Estimated  numthly  discharge  of  Holt  canal  near  Calexico,  Oal.,for  1905. 


Month. 

Dischai 
I  Maximum 

ge  In  seponc 
Minimum  . 

10 

l-feet. 
Mean. 

ToUI  In 
acre-feet. 

Jtnaary 

40 

24.8 

1,525 

February 

35 

9 

21.0 

1,166 

March 

123 

23 

57.4 

3,530 

Apnl 

260 

83 

208 

12,380 

^y 

\ 

210 

109 

152 

9,346 

June 

181 

0 

a  150 

8,926 

July 

7 

0 

a  150 

9,223 

Auguit 

158 

3 

a  150 

9,223 

^tember 

202 

35 

144 

8,  .560 

October 

196 

2 

96.6 

5,940 

Novnnber 

71 

8 

27.0 

1,607 

The  period... 

71,430 

•Eitiniated.     Flood  water  used  for  irrigation.     Beginning  with  March  (»  Holt  heading  was  used  to 
<«Tert  water  id  No.  5  mam  canal,  but  its  capacity  was  not  sufficient  until  April  16. 
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Estimated  monthly  discharge  of  New  Holt  or  No.  7  canal  near  Calexico,  Col.,  for  1905. 


Month. 


Discharge  In  second-feet. 


Maximum.  Minimum.      Mean. 


May 

June 

July 

August 

September. , 

October 

November., 


The  period . 


I 


Total  in 
aen-tfti 


18 

l.KT 

33 

I.** 

33 

2.© 

33 

2X' 

33 

\.%i 

33 

2,0* 

33 

1,* 

Note.— The  station  record  Is  of  no  value  because  most  of  the  water  used  was  obtained  from  QixkIpI 
basins  to  the  east.  The  mean  discharge  for  the  entire  district  covered  by  the  canal  was  estimated  u, 
the  field  at  33  second-feet. 

Discharge  measurements  of  Hemlock  canal  near  Calexict),  0(d.,  in  1905. 


Dote. 


Hydrographer. 


January  4 |  W.  V.  Hardy. . . 

January  12. do 

January  19 do 

January  26. ..' do 

February  2 ...  I do 

February  9 do 

February  17 . .    R.  R.  McCoslin. 

February  24 . . ' do 

March  13 i do 

March  20 do 

March  27 ' do 

AprI13 ' do 

April  10 do 

April  17 do 

April  24 ' do 

May  1 do 

Mays do 

May  l.-) ' do 

May  22 i do 

May29 do 

June  6 ' do 

June  12 ' do 

June  18 1 do 


height. 

I  Feet. 
.|  0.87 
.|  0.88 
1.41 
0.84 
1.25 
1.64 
1.59 
1.79 
1.20 
1.45 
1.73 

i.a5 

1.42 
2.45 
0.70 
1.10 
2.04 
1.94 
1.75 
1.54 
1.81 
0.78 
1.7 


Dis- 
charge. 


Date. 


Hydrographer. 


1 

Sec.-ft. 

2.0 

2.2 

9.5 

1.9 

7.4 

16.4 

12.5 

17.2 

8.7 

13.2 

23.0 

20.0 

12.7 

36.0 

1.6 

6.4 

20.4 

18.6 

14.5 

12.1 

16.9 

2.1 

13.2 


(Jage      Dit^ 
height  char?f. 


June  26 R.  R.  McCoslin.. . 

j   July  3 ' do 

|i  July  10 1 do 

July  17 , do 

'  July24 ■ do 

'  July  31 ' do 

'  August  7 1 do 

j  August  14.  ...I do 

August  21.  ..., do 

August  28 do 

'  September  4 . .    W.  V.  Hardy 

September  11 do 

Septeml)er  25  .  i do 

October  2 ' do 

Octoljer  10 do 

October  17 do 

October  23. ... ' do 

October  30 ' do 

November  6 do 

November  13 do 

Noveml>er  20.. do 

November  29 do 


Feet. 
1.96 
1.23 
1.73 
1.69 
0.75 
1.23 
1.43 
1.59 
1.23 
1.12 
0.97 
1.42 
0.82 
l.U 
1.30 
1.12 
1.20 
1.04 
0.90 
1.00 
0.70 
0.89 


SecJl 

21.f' 

lo' 
0.' 

12.: 

17.4 

H 
13  3 

11 
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Mean  daUy  gage  height ^  in  feet ^  of  Hemlock  canal  near  Calexico,  Cal.ffor  1906. 


».. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

'Aug. 

Sept. 

Oct. 

Npv. 

Dec. 

1 

1.0 

1.0 

0.0 

(1.8) 

1.1 

1.55 

1.6 

1.2 

1.15 

1.0 

1.1 

1.0 

2 

.9 

1.25 

.9 

1.9 

1.06 

1.65 

1.5 

1.2 

1.1 

1.1 

1.15 

1.0 

3 

.95 

1.3 

.9 

1.85 

1.2 

1.6 

1.25 

1.2 

.9 

1.1 

1.25 

2.0 

* 

1.0 

1.3 

.9 

1.8 

i.a-i 

1.7 

1.2 

1.3 

.95 

1.15 

1.1 

1.6 

5 

1.06 

1.1 

1.05 

2.0 

1.7 

1.8 

1.2 

1.3 

1.2 

1.2 

.95 

1.5 

6 

1.15 

.8 

1.25 

(2.0) 

1.95 

1.9 

1.2 

1.4 

1.35 

1.3 

.9 

1.7 

* 

1.3 
1.4 

.8 
1.0 

1.3 
1.3 

(1.9) 
(1.6) 

2.0 
2.1 

1.95 

2.  a*; 

1.65 
1.75 

1.45 
1.4 

1.35 
1.35 

1.45 
1.45 

.9 
.9 

1.65 

8 

1.6 

9 

1.0 

1.65 

1.6 

(1.5) 

2.1 

2.1 

1.75 

1.4 

1.35 

1.4 

.95 

1.55 

10 

.75 

1.66 

1.-/5 

(1.4) 

2.1 

2.  l.'J 

1.75 

1.4 

1.4 

1.35 

1.0 

1.6 

11 

.75 

1.55 

1.25 

(1.6) 

2.1 

2.15 

1.75 

1.5 

1.4 

1.4 

1.05 

12 

.75 

1.35 

1.3 

(1.7) 

2.1 

.8 

1.75 

1.55 

1.4.5 

1.35 

1.1 

13 

.75 

1.1 

1.2 

1.9 

2.1 

.8 

1.7 

1.55 

1.5 

1.5 

1.05 

U 

.75 

1.15 

105 

1.8 

^.1 

.9 

1.7 

1.6 

1.55 

1.0 

.95 

15 

.75 
.75 

1.4 
1.8 

.95 
.9 

2.0 

(2.2) 

1.95 
2.0 

.9 
.9 

1.7 
1.7 

1.4 
1.25 

1.55 
1.55 

1.15 
1.25 

.75 
.8 

16 

17 

.75 

1.6 

1.06 

2.45 

1.95 

1.4 

1.7 

1.2 

1.55 

1.1 

.8 

M 

1.0 
1.4 
1.55 

(1.4) 
(1.3) 
(1.2) 
(1.0) 

1.75 
1.75 
1.65 
1.5 
1.45 
1.55 
1.8 

1.0 

1.06 

1.45 

1.6 

1.4 

1.25 

1.3 

2.5 
2.2 
2.45 
2.35 
2.2 
(2.0) 
1.46 

1.85 

1.85 

1.8 

1.75 

1.76 

1.7 

i.;5 

1.7 

1.65 

1.6 

1.55 

1.5 

1.5 

1.75 

1.8 
1.85 
1.45 
1.0 
1.0 
1.0 
.75 

1.2 
1.2 
1.2 
1.25 
1.2 
1.2 
1.2 

1.3 

.96 
1.0 
1.05 
1.0 
1.0 

.9 

1.0 

1.06 

1.1 

1.0 

1.0 

1.2 

1.15 

.85 

.8 

.7 

.8 

.9 

.85 

.75 

19 

?0.    . 

21 

22 

23 

24 

25 

(.9) 

.&5 
1.0 
1.0 

.7 

.6 

.55 

1.65 
1.06 

.0 

.9 

1.55 
1.55 
1.75 
1.55 
L15 
1.5 
1.9 

1.45 

1.2 

1.1 

J.l 

1.1 

1.1 

(1.7) 
(1.65) 
(16) 
(1.56) 
1.5 
1.55 
1.6 

1.95 

1.85 

1.8 

1.8 

1.75 

1.75 

.75 
.75 
.75 
1.05 
1.25 
1.25 
1.25 

1.2 

1.2 

1.2 

1.1 

1.1 

1.05 

1.0 

.95 
1.0 
1.0 

.9 

.95 

.95 

1.05 

1.05 

1.1 

1.1 

1.2 

.9 

.85 

.75 
.76 
.75 
.85 
.95 
1.3 

26 

27 

28 

» 

30 

31 

Note.— Gage  heights  in  parentheses  are  estimated. 

Estimated  monthly  discharge  ofHendock  canal  near  Calexico ^  Cal.,  for  1905. 


Month. 

Diwharpo  in  second-feet. 
Maximum.  Minimum. !    Mean. 

Total  in 
acro-feet. 

January 

February 

12.0                 0.4  :           4.3 
17.4                 2.0            10.0 

264 
555 

March , 

23.0 
39.0 
21.6 
25.2 

3.3  10.7 
6.6             19.3 

6. 4  15. 7 
1.8             14.1 

658 

.\prll '...%• 

1,149 

Mtv 

9G5 

June 

839 

July 

1                -"  ,          

18.4  ,                0.8             10.9 

670 

Aupist 

17.5 
14.0 
12.6 

5. 2  10. 4 

3.3  8.1 

2. 4  7. 5 

639 

September 

482 

October 

461 

NoTembcr 

9.6 

1.4               4.6 

274 

The  p^od 

6,ft'>5 

1 
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Discharge  measurements  of  Neto  River  near  Calexico^  Col.,  in  1905. 


Date. 


January  5 . . . 
January  13.. 
January  20. . 
January  27 . . 
Februarys.. 
February  10 . 


Gaeo       Dis- 


Uydrographer.-  ^^'f^  ^^^'^^  ,  D.t. 


Hydrographer.    \^ 


Di*- 
t.  charp?. 


W.V.Hardy 


.do 

.do 

.do 

.do 

.do 


February  18. . ' do . 

February  23 . 

March  2 

March  9 

March  16 

March  23 

March  29 

April  6 

April  12 

April  18 

April  25 

May2 

May9 

May  16 


R.  R.  McCosIin... 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

-...do 

....do 


Feet. 
2.00 
3.20 
3.30 
.'i.20 
4.00 
5.70 
6.90 
7.14 
7.48 
7.90 
7.77 
6.74 
8.93 
6.95 
6.50 
6.80 
8.71 
8.47 
8.80 
9.19 


Sec.-ft. 
12 
82 
99 
323 
126 
451 


1,063  i; 

1,461  || 

1,702  ; 

1,648  > 

1,159  I 

2,916  I 

1,307  I 

949  I 

1,149  I 

3,052  I' 

2,417  i| 

2,890  i' 

3.237  I' 


May  23 ,  R.  R.  McCoalln 

May30 do 

June  6 do 

June  13 do 

June  20 do 

June  27 do 

Julys do 

July  12 do 

July  18 '  Hardy  and    Mo-' 

,      Coslln 1 

July  2.5 do I 

August  1 «  R.  R.  McCoalin... 

August  8 McCosland   and 

Hardy 

August  15 do , 

August  22 do 

August  29 M.V.Hardy 


Feet. 

9.24 

9.38 

9.77 

10.85  I 

11.81 

12-70  I 

I  13.21   ' 

1  13.34  I 

1  I 

13.11  i 

12.42 

11.38 


September  5 
September  12 do 


Hardy  and    Mc- 
CosIin  


I 

10.72  I 
10.90 
10.22  I 
9.42  ' 
I 
9.31 
7.52  , 


3.*' 
3,« 

5,  Mi 

10,»16 
11,M 
13,  M 

13.23! 

10.  M' 

8.2 

6.S31 
6.9fi: 
5,52? 
4.31* 

3,Sa"' 
1,892 


Discharge  mea,surements  of  Alamo  Channel  near  Rochvood,  Cd.y  in  1905. 


Date. 


Hydrographer. 


I  Gage 
hcignt. 


I  '  Feet.  I 

January  7 I  W.  V.  Hardy ' 

January  14...' do i 

January  21....' do ' I 

January  28...  I do | | 

February  4.  ..i do | j 

Februarj'  11..  j do 

February  20 . .  i do ' ; 

February  25.  .1 do 

March  3 do '    7. 48 

March  11 ' do 1    6.80 

March  17 1 do '    7.15  \ 

March25 do '  10.00  i 


•r 


March  30 do 

April  8 1 do 

April  13 1 do 

April  19 j  R.R.  McCosIin... 

April  26 1 do 

May3 ' do 

May  10 ' do 


9.50  [ 
6.20  I 
6.00  I 
6.00 

<")     1 


Dis- 
charge. 

Sec.-ft. 

49 

20.5 

77 

112 

151 

61 

530 

94 

387 

1,088 

1,379 

1,806 

1,443 

635 

692 

772 

0  632 

1,044 

1,770 


Date.         j    Hydrographer.    \^J^^  ^^J^ 


May  17. 


I 


R.  R.  McCosIin. . 


May  24 W.V.Hardy.... 

May31 | do 

June  7 do 

June  14 ' do 

J  une  21 i do 

June  28 ' do 

July  6 ^ do 

July  13 do 

July  19 ' do 

July  26 ' do 

August  2 do 

August  9 do 

August  16 do 

August  23.  . ..' do 

August  30 1 do 

September  6.     Hardy  and  Mc- 
Co.slin 

September  13 do 


Feet. 

6.0O 
6.37 
5.92 
6.28 
6.85 


0.60 
9.00 
9.50 


8.80 
8.60 
8.50 
9.80 
9.93 

9.95 
10.45 


;  Sec.-ft. 

I  990 

i       1.562 

1,692 

'       2,110 

I      3.644 

5,3« 

3,253 

4,234 

3,932 

3,501 

3,104 

3,  .551 

2,815 

2,874 

2,439 

2,509 

2.115 
3,500 


a  Gage  washed  out. 
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Discharge  measurements  of  Alamilos  candl^  Ccdexico^  Cal.,  in  1906. 


D«e.        .    Hydrographer.    I^«j^,    .^'^  Date. 


Hydrographer.    \^,^^\  .^^^^.^ 


Juiuary  3.. 
January  II . 
January  IS. 
January  26. 
February  2 . 
Februarys. 
February  17 
February  24 
March  1.... 
IfarchS.... 
March  15... 
March  22... 
Mard)29... 

Aprils do. 

April  II do. 

April  17 do. 

April  24 do. 

Mayl do. 

Mays do. 

May  15 do. 

May  22 do. 

May2& do. 

June  5 do. 


W.V.Hardy... 

....do 

....do 

....do 

....do 

....do 

R.  R.  McCoslin. 

....do 

....do 

....do 

....do 

....do 

....do 


,  Feet. 
'    1.48  I 

1.54  ; 

1.11  ! 

1.05  I 
1.06 
0.52 
1.05 
I  1.00 
i    0.82 


1.20 
1.53 
1.63 
1.67 
1.39 
1.10 
1.15 
1.41 
1.34 
1.37 
1.35 


Sec.-ft. 

30 

39 

15.1 

12.9  j 

13.6 

1.0  ' 
16.8  ! 
15.7 

9.1 

0 

0 

0 
24 
44 
3d 
57 
40 
26 
28 
39 
35 
36 
36 


June  12 ;  R.  R.  McCoslin... 

June  18 W.V.Hardy 

June  26 '  R.  R.  McCoslin .. . 

July5 ' do 

July  10 do 

July  17 1 do 

July  24 i do 


July  31 1 do... 

Aug.    7 do... 

August  14 do... 

August  21 do... 

August  28 do... 

September  4.  .j do... 


September  11. 
September  2^ . 

October  9 

October  16 

October  23. . . . 
November  13.. 
November  18.. 
November  30.. 
October  30.... 
November  6... 


W.V.Hardy.. 

....do 

....do 

....do 

....do 

....do 

do 


Feet. 
1.32 
1.30 
1.35 
1.33 
1.34 
1.35 
1.34 
1.34 
1.12 
1.12 
1.17 
1.27 
1.34 
1.42 
1.23 
1.30 
1.32 
1.27 


...do 


do. 
.do. 


0  42 
0.90 


Sec.-ft, 
37 
30 
36 
34 
33 
34 
33 
33 
22 
22 
24 
31 
39 
43 
36 
40 
45 
38 

0 

0 

5.4 
18.3 

0 
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32  STREAM  MEASUBEMENTS  IN   1905,  PART   XID. 

Mean  daily  height  in  feet,  of  Alamitos  canal  near  Cciezioo,  Cdl.^for  1906, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

JuDe. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.6 

1.5 

1.5 

1.45 

1.45 

1.4 

1.45 

1.5 

1.6 

1.6 

1.6 

1.6 

1.6 

1.7 

1.45 

1.6 

1.15 

1.1 

1.1 

1.1 

1.05 

1.1 

1.1 

1.1 

1.0 

1.05 

1.15 

1.2 

1.2 

1.2 

1.25 

1.2 

1.1 

1.20 

1.1 

.95 

.05 

.95 

.0 

.7 

.5 

.5 

.5 

.5 

.5 

.55 

.65 

1.06 

1.05 

1.05 

1.05 

1.05 

1.05 

1.0 

1.0 

1.05 

1.1 

.8 

.75 

0.8 
.8 
.6 
.4 
.35 
.35 
.3 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.15 
.65 
.7 
.7 
.85 
.9 

1.3 

1.4 

1.3 

1.35 
1.5 
1.6 
1.55 
1.5 
1.65 
1.6 
1.6 
1.6 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.7 
1.75 
1.35 
1.4 
1.55 
1.45 
1.4 
1.4 
1.4 
1.4 
1.25 
1.15 
1.15 


1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.15 

1.2 

1.25 

1.3 

1.4 

1.4 

1.4 

1.4 

1.3 

1.2 

1.2 

1.2 

1.25 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.3 

1.35 

1.3 

1.3 

1.3 

1.35 

1.35 

1.35 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.35 

1.35 

1.35 

1.35 

1.35 

1.3 

1.3 

1.3 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.06 
9 
1.06 
1.1 
1.1 
1.1 
1.1 
1.1 
1.15 
1.15 
1.15 
1.15 
1.15 
1.1 
1.1 
1.1 
1.1 
1.1 
1.15 
1.2 
1.2 
1.15 
1.2 
1.25 
1.25 
1.25 
1.3 
1.3 
1.3 
1.25 
1.3 

1.4 

1.4 

1.36 

1.35 

1.3 

1.35 

1.45 

1.45 

1.4 

1.4 

1.4 

1.45 

1.5 

1.46 

1.4 

1.4 

1.4 

1.4 

1.35 

1.4 

1.46 

1.45 

1.4 

1.2 

1.25 

1.25 

1.2 

1.1 

1.15 

1.1 

1.1 

1.25 

1.15 

1.3 

1.3 

1.3 

1.25 

1.25 

1.25 

1.25 

1.26 

1.25 

1.25 

1.3 

1.3 

1.35 

1.35 

1.35 

1.25 

1.2 

1.2 

1.15 

1.25 

1.25 

1.2 

1.2 

1.15 

1.15 

1.16 

.9 

.8 

0.45 
.45 
.2 
.1 
.0 
.15 
.25 
.3 
.3 
.3 
.25 
.3 
.3 
.25 
.3 
.3 
.26 
.2 
.2 
.2 
.16 
.16 
.15 
.2 
.26 
.25 
.35 
.4 
.35 
.25 

a2 

2 

.25 

3 

.25 

4 

.2. 

6 

.2 

6 

.2 

7 

.2 

8 

.2 

0 

.2 

10 

.2 

11 

.2 

12 

.25 

13 

14 

15 

16 

17 

18 

19 

20 ._ 

21 

22 

23 

24 

25 :... 

26 

27 

28 

29           

30 

31 

Estimated  monthly  discharge  of  Alamitos  canal  near  CalexicOy  Cal.,  for  1906. 


Month. 


Discharge  In  second-feet 


Maximum.,  Minimum.      Mean. 


ToUl  in 
acre-feet. 


January . . . 
February . . 

March 

April 

May 

June 

July  

August 

September. 

October 

November. 


The  period . 


0 
28 
25 
30 
32 
11 
28 
18 

0 


26.6 
11.4 

4.9 
46.6 
31.8 
34.4 
33.9 
23.9 
40.8 
35.8 

2.7 


1,63S 

633 

301 

2,714 

1,955 

2,047 

2,084 

1,470 

2,428 

2,201 

161 


17,630 


Digitized  byVjOOQlC 


COLOKADO   DRAINAOE   BASIN   BELOW   OILA   BIVEB. 


33 


Discharge  TneasuremenU  of  Main  carnal  near  CaUxico^  Cal,y  in  1905. 


Date. 


W 


Jftni  ary  3 

Jaoiary  11 ... 
January  18  . . . 
January  20  . . . 
February  2 . . . 
Frfjruary  15 . . 
February  17 . . 
February  23 . . 

March  1 

Man*  8 

March  15 

March  22 

March  29 

Aprils 

April  11 j do 

April  17 1 do 


Hydrc^rapher. 


Oa( 
heig 


V.Hardy.... 

....do 

....do 

....do 

....do 

....do 

R.  R.  McCosUn . . 

....do 

....do 

....do 

....do 

....do 

....do 

....do 


AprU24.... 

Mayl 

Mays 

May  15 do 

Mty22 1 do 

May29 1 do 

Junes I do 


e  I     Dis- 
It.;  charge. 


Date.         I    Hydrog«pher.    L«,X!  ciU'J^e. 


Feet.  I 
3.90  I 
4.20  1 
4.50  I 
4.20  ; 
4.18  I 
4.00  , 
4.15  , 
3.05  I 
4.49  i 


3.52 
4.79 
4.84 
4.98 
5.04 
4.91 
4.47 
4.42 
4.34 
4.24 
4.32 
4.19 


Sec.  ft. 
439 
534 
567 
510 
507 
485 
472 
447 
595 
0 
0 
410 
651 
675 
729 
735 
725 
648 
623 
586 
562 
595 
566 


June  12 

June  18 

June  26 

Julys 

July  10 

July  17 


R.  R.McCoslin.. 

do 

....do 

....do 

....do 

....do 


Julya4...i... do. 

July  31 ' do. 

August  7 1 do. 

August  14 I do. 

August  21 do. 


M  August  28 , do 

1,  September  4 do 

d  September  11  .j  W.  V.  Hardy. 

I  September  25 do 

'i  October  2 do 

,  October  9 do 

October  16 do 

November  3..  I do 

I  November  6.    ' do 

November  13. do 

'  November  18. do 

t  November 30., do 


Feet. 
4.17 
4.1. 
4.23 
4.25 
4.38 
4.36 
4.32 
4.23 
4.29 
4.33 
4.33 
4.29 
4.30 


li 


4.27 


.1 


4.29 
4.30 
2.90 
3.60 
3.60 
3.55 
3.50 


Sec.  ft. 
5/5 
540 
5/1 
5.2 
567 
582 
583 
580 
556 
562 
540 
536 
558 

0 
551 

0 
559 
546 
298 
380 
380 
378 
376 
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34  STREAM   MEASUREMENTS    IN    1905,   PART    XIII. 

Mean  daily  gage  height  ^  in  feet^  of  Main  canal  near  CaUxieOf  Cat.  ^  for  1906. 

I 
Jan.'    Feb.  i  Mar. 


Day. 


2 
3 
4. 

5 

G. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


3.9  4.05  I 

3.95  4.2 

3.9  4.25 

3.85  4.15 

3.85  3.95 

3.75  ,  3.8 

3.7  3.8 

3.75  3.8 

3.95  3.85 

4.2  3.85 

4.2  3.85 
4.4  3.85 
4.55  .  3.8 

4.4  I  3.95 

4.3  4.1 
4.35  4.2 

4.4  I  4.1 
(4.5)  4.05 

4.5  4.05 
4.55  4.0 

4.5  3.9 
4.55  3.9 
4.5  ;  3.95 
4.35  4.1 
4.25  4.3 
4.2  '  4.4 
4.05  4.5 
3.95  I  4.5 

3.9     

3.85    

3.85  I 


4.5 
4.45 
4.06 
C*) 

(«) 
(«) 
(«) 
(«) 

(°) 

(«) 

(°) 

(«) 

(«) 

(°) 

(«) 

(«) 

(«) 

(«) 
(1.5) 

3.35 

3.5 

3.8 

4.15 
(4.5) 
(4.8) 
(4.8) 
(4.8) 
(4.8) 

4.8 

4.7 


Apr.  I  May.    June.  >  July.     Aug. 


4.7 

4.85 

4.95 

4.9 

4.85 

4.9 

4.95 

4.95 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.05 

5.05 

5.05 

5.1 

5.1 

5.0 

5.0 

5.0 

4.9 

4.95 

4.9 

4.9 

4.9 

4.9 

4.8 

4.6 


4.45 

4.4 

4.4 

4.4 

4.45 

4.4 

4.4 

4.45 

4.45 

4.4 

4.4 

4.45 

4.45 

4.4 

4.35 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.25 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.2 

4.2 


4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.25 

4.2 

4.2 

4.25 

4.2 

4.2 

4.2 

4.2 

4.25  I 

4.3     i 

4.3    , 

4.25 

4.25  I 

4.25  I 

4.25 

4.25  ' 

4.25  , 


4.25 

4.25 

4.25 

4.25 

4.25 

4.25 

4.3 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.3 

4.3 

4.3 

4.35 

4.3 

4.3 

4.8 

4.3 

4.3 

4.25 


4.2 

4.2 

4.2 

4.25 

4.25 

4.25 

4.3 

4.3 

4.3 

4.3 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.35 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 


Sept.  I  Oct. 


4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
(•) 
(«) 
(«) 
(«) 
(«) 
.5 
2.0 
2.5 
2.95 
3.1 
3.15 
3.15 
3.5 
3.9 
4.05 
4.2 
4.35 
4.35 
4.3 
4.25 
4.25 
4.25 
4.25 
3.1 


(«) 

(«) 

(«) 

(«) 

3.95 

4.2 

4.25 

4.2 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.35 

4.35 

4.35 

4.3 

4.3 

4.3 

4.3 

(•) 

(«) 

(«) 

(«) 
.1 
.8 
.85 

1.7 

1.7 


Nov.  I  Dec 


2.3 
2.9 
3.22 
3.55 
3.45 
(3.55) 
(3.6) 
(3.6) 
(3.6) 
(3.6) 
3.6 
3.6 
3.6 
3.6 
(3.6) 
(3.6) 
(3.6) 
3.6 
3.55 
3.4 
3.4 
3.4 
3.2 
3.05 
3.05 
3.06 
3.06 
3.05 
3.4 
3.45 


3.4 
3.45 
3.75 
3.5 
3.9 
3.95 
:^.95 
3.96 
3.96 
3.6 


a  No  flow. 

Note.— Gage  heights  in  parentheses  are  estimated. 


Estimated  maiMy  discharge  cf  Main  canal  near  Calexico,  Cal.,for  1905. 


Month. 


I        Discharge  in  second-feet. 
I  Maximum.!  Minimum,  i    Mean. 


Januaiy 

Febm&ry**. 

Mart?b, 

April 

Miiy 

Jiine.,,«,^„, 

Julj 

A^igMirt 

&«!p  timber.. 
Oetober.,,. 
November, . 


OQO 
W5 
072 
753 
048 
SSI 
5fl3 
508 
670 
fifll 


4  m 

0 
tVA\ 

550 

5% 

0 

(J 

■>3tJ 


am 

4TD 

^1 

719 

50S 
&70 

sm 
aop 
im 
mi 


The  pc^rlod . 


ToUlln 
acre-feet. 


3&p74E) 

16,050 

12,7Mi 

3i,niT(i 
20,  *W? 


111.]^ 
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COLORADO    DKAINAOE    BASIN    BELOW    GILA    RIVER. 
DUcharge  measuremerUs  of  Boundary  canal  near  CalericOf  Col.,  in  1905. 

Hydrographer. 


35 


January  3  . . . 
JanuAry  11  .. 
January  18  . . 
January  2f> .. 
February  2.. 
February  9 . . 
February  17  . 
February  23  . 

March  1 

March  5 

MarchS 

Marc^h  22  ... . 
March  29  ... . 

Aprils 

AprUll 

April  17 

April  24 

Mayl 

Mays 

May  15 

May  22 

May  29 

Junes 


Hydrographer. 


Gage 
hei^t. 


W.V.Hardy..   . 

do 

do 

do 

do 

....do 

R.  R.  McCosUo.. 
do 


.do. 
-do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Feet. 
0.80 


1.00 


.95 
.79 
.96 
1.00 


.80 
.85 
.99 
1.00 
1.08 
.83 
.83 
.74 
.71 
.85 
.90 


Dis- 
charge.' 


Date. 


Sec.-ft. 
6.4 
8.6 
8.9 
7.8 
0.1  I 
8.3  I 
5.3  , 
8.3  I 

10.0 

I 

«      I 
0 

7.8 

6.2 

8.5 

10.4 

11.7 

13.0 

6.1 

7.5 

6.1 

5.1 

8.0 

8.4 


June  12 

June  18 

June  26 do 

July  3 - do. 

July  10 ' do. 

July  17 ' do. 

July  24 [ do. 

July  31 1 do. 

..do. 

..do. 

..do. 

..do. 


August  7  . . 
August  14  . 
August  21  . 
August  28  . 

September  4 . . ' do 

September  11  .j do 

October 2 W.V.Hardy 

October  6 do 

October  9 i do 

October  16. ... ' do 

October  18. ... ' do 

October  30.. ..| do 

November  13  .j do 

November  18  .j do 

November  30  .' do 


Oase  I    Dis- 
heignt.  charge. 


Feet. 
0.35 
1.00 
.91 
.93 
.78 
.77 
.96 
.87 
.83 
.78 
.79 
.79 
.80 


.90 
.87 
.80 
.25 
.85 
.90 
.95 
1.03 


Sec.-ft. 
0.22 

11.0 
7.5 
6.4 
4.8 
4.2 
6.6 
5.3 
6.2 
5.7 
5.7 
4.8 
3.8 
0 
0 

8.4 
5.3 
5.0 
0 

8.0 
8.4 
7.0 

12.7 


Estimated  numtMy  discharge  of  Boundary  canal  near  CalexicOf  Cal.yfor  1906. 


Month. 

Discharge  in  second-feet. 

Total  in 

Maximum. 

Minimum. 

6.0 
5.1 
0 

7.0 
5.1 
.2 
4.2 
4.4 
0 

Mean. 

acre-feet. 

liMiuarv                                                       

8.9 
9.8 

10.0 

13.0 
8.0 

11.0 
6.8 
6.2 
6.0 
8.0 

12.7 

8.1 
7.8 
3.6 
10.2 
6.5 
7.9 
5.4 
5.6 
3.8 

498 

February 

433 

March 

221 

April..  .                 

607 

May 

400 

June 

471 

July 

332 

August .• 

344 

September 

227 

October 

0                 4.4 
7.0              9.0 

271 

November           

536 

The  period , 

4,340 
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Diackarge  measttrements  of  Wisteria  cand  near  Cedexico,  Cat.,  in  X906. 


Date. 


January  5 

January  11  . 
January  18 . . 
January  25 . . 
February  1 . . 
February  10 . 
February  18 . 
February  25  . 

March  1 

March  15.... 

March  23 

March  29  .... 

April6 

April  12 

April  18 

April  25 

May2 

MayO 

May  16 

May  23 

May  30 

June6 


Hydiographer. 


W.V.Hardy.. 

do 

do 


do 

do 

do 

do 

R.R.McCoalin.. 

do 

do 

do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


.do. 
.do. 
.do. 
.do. 


Feet. 
1.12 
.15 
.52 
.02 
.80 


.00 

1.65 

1.20 

1.00 

.05 

.50 

.85 

.43 

.63 

.42 


Dis- 
charge. 


Sec.-ft, 

3.0 

0 

7.7 
22 
16.5 

0 

0 

0 

0 

0 

0 
2b 
64 
47 
33 
32 
13.1 
26 
12.2 
17.1 
12.1 
11.9 


Date. 


June  13 

June  10 

June  26 

July  5. 

July  11 

July  18. 

July  25. 

August  1 

Augusts 

August  15  ... 
August  22  ... 
August  20  ... 
September  5.. 
September  12 . 
September  26  . 

October  3 

October  11.... 

October  18 

October  31.... 
November  7  . . 
November  14 . 
November  21 . 


Hydrographer. 


R.  R.  MoCoslin. 
W.V.Hardy... 
R.R.McCosUn. 
do 


do 

do 

W.V.Hardy. 
do 


do 

R.R.McCoslin. 
W.V.Hardy.., 
R.R.McCosUn. 
W.V.Hardy... 

do 

....do 

....do 

do 

....do 


....do 

...do 

....do 

....do 


Oace 
leignt. 


Feet. 

0.35 
.57 
.38 
.30 
.06 


.33 


.60 
.60 
.40 


.15 


Dis- 
chaiige. 

Sec.-fL 
10.6 
13.5 
10.6 
9.4 
32 
17.8 
0 

7.8 
0 
0 
0 
0 
0 
0 
0 
0 
0 

12.8 
14 
12 
0 
0 


a  Estimated. 
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DctUy  gage  height  ^  in  feet  ^  of  Wisteria  canal  near  CalexicOf  Cat.,  for  1906. 


D«T. 

Jan. 

Fob. 

Mar.| 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

2  

0.95 
.9 

1.15 
1.1 
1.1 
1.1 
1.25 
1.3 
.95 
.95 
.15 
.1 
.1 
.0 
.0 
.0 
.6 
.2 
.65 
.8 
.8 
.8 
.8 
.9 
.9 
1.0 
1.1 
1.0 
1.0 
1.0 
.8 

a8 

.8 
.8 
1.0 
.55 
.3 
.0 
.0 
.0 
.0 
.0 
.3 
.2 
.25 
.3 
.35 
.25 
.1 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.2 
.2 
.3 

0.25, 

.2 

.2 
.2 
.15 
.15 
.15 
.15 
.35 
.35 
.40 
.35 
.3 
.3 
.3 
.5 
.5 
.5 
.5 
.8 
.8 
.8 
.66 
.6 
.8 
.9 
1.0 
1.15 

1.5 

1.2 

1.7 

1.8 

1.6 

1.66 

1.7 

1.6 

1.5 

1.45 

1.35 

1.15 

1.1 
.95 

1.0 

1.0 

1.0 

1.0 
.8 
.7 
.65 

1.0 
.1 
.9 

1.1 

1.15 
.9 
.45 
.4 
.35 

0.3 

.8 

.8 

.8 

.8 

.5 

.45 

.45 

.45 

.45 

.45 

.45 

.45 

.75 

.8 

.8 

.7 

.6 

.6 

.7 

.7 

.65 

.65 

.4 

.4 

.4 

a4 

.3 

.3 

.3 

.3 

.25 

.25 

.3 

.0 

.0 

.3 
.2 
.3 

0.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.95 

1.8 

1.1 

1.0 

1.0 
.9 
.6 
.65 
.5 
.5 
.5 
.45 
.0 
.0 
.0 
.0 

:: 

.0 

.1 

.35 

0.35 
.05 
.05 
.05 
.0 
.0 
.0 
.0 

•0 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

0 
0 
0 
0 
0 
0 

« 

0 
0 
0 
0 
0 
0 

« 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0 
.0 
.0 
.0 
.0 
.0 

:: 

.0 
.0 
.0 
.0 
0.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.45 
.45 
.0 
.0 
.0 
.0 
.05 
.05 
.6 
.6 
.6 

0.6 
.6 

3 

.6 

4 

.6 

5                    

.0 

6  

.4 

7 

.4 

8 

.76 

9  

.75 

10 

.0 

11 

.0 

12         .                   ... 

0 

13 

.0 

14 

.0 

15 

.5 

16 

.0 

17 

.0 

18 

.0 

19 

0 

20 

.0 

21 

.15 

22 

.36 

23 

.36 

24 

.1 

25 

.0 

26 

,0 

27 

.0 

28 

.0 

29 

.0 

30... 

.0 

31 .       .  . 

Estimated  monthly  discharge  of  Wisteria  canal  near  Calexico^  Col.,  for  1906. 

Month. 

Discharge  in  second-feet. 

Total  in 

Maximum. 

Minimum. 

Mean. 

acre-feet. 

January 

40 
25 
32 
75 
25 
12 
80 
11 
0 
14 
25 

ooooooooooo 

17.9 
3.8 
7.1 

39.5 

16.7 
9.6 

14.2 

.4' 

.0 

5.4 

5.6 

1,100 

February 

211 

Maidi 

436 

Aprfl 

2,325 

JCay....              

1,027 

rfune 

572 

July 

873 

Angust.                 

25 

September 

0 

October 

332 

NoTwnber 

334 

The  period       

7,261 

1 
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Discharge  measuremerUs  of  Tamarack  canal  near  Imperial,  CoZ.,  in  1906. 


Date. 

Hydrographer. 

Gace 
helSt. 

Feet. 

Dia- 
charge. 

Date. 

Hydrographer. 

Oaffc 
hel^t. 

Dis- 
charge. 

May  25 

June  1 

W.  V.  Hardy 

Sec.-ft 
52 
51 
56 
43 
14 
040 
o40 

October  19 . . . 
October  26 . . . 
November  2.. 

W.  V.  Hardy  .... 

FeH, 

SeC'ft. 
O40 

R.  R.  McCoalin... 
W.V.Hardy.... 
do 

1.70 
1.80 
1.64 
14.50 

do 

0  40 

June  8 

do 

o40 

June  14 

November  9. . 

.  ...do 

040 

June  22 

do 

November  16. 
November  23. 

do 

040 

Octbber  4 

...    do..  .. 

.do. 

o30 

October  12 . . . 

do 

o  Estimated. 
DaUy  gage  height ,  in  feet,  of  Tamarack  canal  near  Imperial,  Cal.,for  1905. 


Day. 


1 
2. 
3 
4 
5 
6 


June. 


1.7 

1.68 

1.7 

1.55 

1.65 

1.75 


Day. 


I  June, 


7 

1.8 

8 

1.8 

9 

1.8 

10 

11 

'■« 

1.95 

12 

2.05 

Day. 

June. 

1.35 
1.65 
1.65 

1.6  , 
1.65  . 

1.7  ' 

13 

14 

16 

16 

17 

18 

Day. 


19 
20 
21 
22 
23 
24 


June. 


Day 


June. 


1.65 
1.75 
1.5 
1.45 
1.35 
1.2 


1.2 
1.05 
1.0 

.9 

.9 


Estimated  monttdy  discharge  of  Tamarack  canal  near  Imperial,  Cal.,  for  1905. 


Month. 

Discharge  in  second-feet. 

Total  io 

Maximum. 

Minimum. 

Mean. 

acre-feet. 

June 

3..3 

(40) 
(40) 
(40) 
(40) 
(40) 

2,041 

July 

2,460 

August 

2,400 

September 

2,380 

Octol>er 

2,460 

November 

2,380 

The  period 

14,180 

1                    !                 1 

Note.— Monthly  means  in  parenthesis  estimated  in  the  field. 
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Total  amount  of  water  {in  aere-feet)  entering  the  Imperial  Valley  through  irrigation  canals  at 
international  hcundary^  January  to  November ^  1905y  indueive. 


Canal. 

January. 

263 

249 

1,100 

February. 

March. 

April. 

May. 

June. 

Hemlock 

555 

216.5 

211 

658 

110.5 

436 

1,149 

303.5 
2,351 

965 

200 

1,027 

839 

Boundary 

235.5 

Wisteria            

5?2 

TMnanck 

2,041 

New  Holt,  or  No.  7 

1 

1,107 

36,770 

1,955 

9,340 

1,964 

Main 

30,744 
1.636 
1,525 
5,500 

26,102 

633 

1,162 

8,330 

16,048 

301 

3,530 

9,223 

42,783 
2,714 
12,377 

33,917 

AliMnitoit 

2,047 

Holt,  or  No.  5  Main 

Alaipo  Chanm^l j>. 

8,926 

Total 

41,017 

37,209 

30,306 

61,677 

51,370 

50,541 

Canal. 

July. 

August. 

639 

172 

25 

2,460 

2,029 

34,003 

1,470 

9,223 

September. 

October. 

November. 

Total. 

Tlftnlnrk      

670 
166 
873 
2,460 
2,029 
35,355 
2,084 
9,223 

482 

113.5 

0 

2,380 

1,964 

21,957 

2,428 

8,560 

461 
135.5 
332 
2,460 
2.029 
20,168 
2.201 
5,  WO 

274 

268 

334 

2,380 

!,«« 

20,886 

161 

1,607 

6,955 

Bonndftry 

2,170 

Wisteria 

7,261 

Tftiniinck ....      . .  

14, 181 

New  Holt,  or  No.  7 

13,066 

K#<n              , 

318,733 

Al^rnit^ 

17,630 

Holt,  or  No.  5  Main 

Alamo  rbannel 

71,428 
23,053 

1 

Total 

52,860 

50,021 

3/, 893 

33,726 

27,874 

474,494 

Total  amount  of  water  (in  atre^feet)  entering  Imperial  VaUey,  including  canals,  New  River,  and 
Alamo  Channel;  also  amount  of  waste  water  discharging  into  Saltan  Sea  and  amount  ufied 
for  irrigationf  January  to  November ^  1906,  inclusive. 


Month. 


J&noary... 
February.. 

Mtrch 

AprU 

May 

Jane 

July , 

August 

September. 
October. . . 
Norember. 

Total 


Total  discharge 

Imperial  canal 

at  headings 

below  Yuma, 

Arijs. 


Total  discharge 

into  Imperial 

Valley. 


Total  discharge  Total  amount 

(waste)  into  Sal-  of  water  used 

ton  Sea.         lor  irrigation. 


Acre-feet. 
58.100 
227,150 
288,990 
233,550 
335,420 
573,020 
1,104,620 
609,030 
365, 3»0 
468,840 
500,000 


Acre-feet. 

55,590 

92.913 

210,896 

223,171 

321.239 

622,911 

1,037,724 

597,751 

O353.360 

a  4.56, 840 

o4SS,(X)0 


A  crt-ftel. 


eel. 

Acre-feet. 

35.356 

20,234 

77,019 

14,994 

194,  MS 

16,348 

182. IIM 

40,677 

287,869 

33,370 

.'>87,370 

35,541 

978.244 

50,480 

564,946 

32,805 

324,869 

28,491 

435,227 

21,613 

477,977 

10,023 

4,764,080 


4,460,m') 


4,155,819 


304,576 


a  Estimated. 
Total  amount  of  irrigated  land  (as  per  examination  made  in  March  and  April,  1905) . .  .aoros. . .    79, 591 
Amount  of  wat«r  used  per  acre  ( in  acre-feet) 3. 83 
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LAHS8  XBBIOATXD  Dl  THI  TWyiETAT.  YALUT. 

In  April,  1904,  an  examination  was  made  to  determine  the  amount  of  lands  img*t«lffll 
the  valley.  The  gross  area  under  irrigation  at  that  time  was  66,74 1  acres.  A  second cxinu- 1 
nation  was  made  in  September  of  the  same  year  by  W.  V.  Hardy,  of  the  Reclamation  Sen- 1 
ice,  and  showed  the  total  are^  irrigated  at  that  time  to  be  31 ,318  acres.  Another  eiimiitt- 1 
tion  by  Mr.  Hardy  in  March  and  April,  1905,  gave  a  total  irrigated  area  of  79,591  tcn& 

The  examination  of  area  of  irrigated  land  made  in  &farch  and  April,  1905,  is  used  inctffr  I 
puting  the  amount  of  water  per  acre  used  during  1905.  It  is  probable  that  this  arraw*  I 
greatly  reduced  during  the  summer,  as  areas  for  the  raising  of  hay  and  grain  were  not  apis  I 
used  after  the  crops  were  harvested  until  the  late  fall  months,  when  they  were  again  see<Jesl  | 
Large  areas  of  alfalfa  and  Kaffir  com  were  necessarily  irrigated  throughout  the  year. 

DUTY  OF  WATBB  Of  THE  IMPSRIAL  VALLSt. 

During  the  fall  of  1904  rating  flumes  were  placed  on  two  canals  in  Imperial  Valley  forth* 
study  of  the  duty  of  water.  Two  types  of  st>il  were  selected  for  these  investigations,  ok 
known  as  **  hard  soil  '^  and  classified  as  "  Imperial  loam  "  as  shown  on  soil  map  of  Bur<«u « 
Soils,  rnited  States  Department  of  Agriculture.  The  other  type  is  known  as  **8oft  soil 
and  cliissified  as  ** Imperial  sandy  loam.'* 

Tlie  location  of  the  investigation  on  "Imperial  loam"  is  at  the  ranch  of  W.  W.  McKim, ] 
7  miles  east  of  Imperial,  being  the  west  half  of  s«t.  8,  T.  15  S.,  R.  14  E. 

The  location  of  the  investigation  on  "  lmp<*riul  sandy  loaiu"  is  on  lands  of  the  C-alifomift- 
Mexico  Land  (^ompany,  3i  miles  east  of  Mexicala  in  Mexican  territory  and  directly  south  ol 
the  California-Mexico  boundary  line  in  T.  17  S.,  U.  15  E. 

Permanent  flumes  were  constructed  at  the  head  of  each  of  these  canals  and  a  sufficirtit 
numbt^r  of  measurements  were  made  throughout  the  year  for  rating  them.  Self-recording 
registers  wen*  placed  at  each  of  these  stations,  and  the  mean  daily  gage  height  was  compute 
from  the  register  records. 

During  1905  the  Imperial  Valley  received  a  very  unusual  rainfall.  The  precipitation  st 
Imperial  was  10.06  inches  for  the  year.  At  (^alexico  the  precipitation  was  9.33  inches  for  the 
year.    The  mean  annual  rainfall  will  probably  not  exceed  3  inches  in  normal  years. 

m'kim  flume. 

This  station  was  established  on  Septcmlwr  23,  1904.  The  amount  of  land  irrig»^ 
under  this  flume  Is  380  acrt\s.  The  soil  is  classified  as  *'  Imperial  loam."  The  crops  raised 
during  1905  consisted  of  100  acres  in  barley,  which  was  sown  in  October,  1904.  The  crop 
was  only  fair  and  was  used  for  the  pa.sturage  of  hogs.  The  balance  of  the  area,  280  acres, 
had  l)een  previously  planted  to  alfalfa,  100  acres  having  been  sown  in  October,  1902,  and 
100  acres  in  Octolx^r,  1903.  This  area  in  alfalfa  was  in  fair  condition  at  the  time  the  sta- 
tion was  established.  The  crop  of  1905  was  fair  and  used  only  for  the  pasturage  of  hogs. 
The  supply  of  water  furnished  for  this  area  wa.s  not  enough  for  thorough  irrigation.  Water 
was  taken  from  Alamo  channel  until  March,  1905,  and  up  to  this  time  the  supply  was  suffi- 
cient for  thorough  irrigation.  After  March,  1905,  water  was  taken  from  ^Vlamitos  canal 
on  account  of  flood  conditions  in  the  Alamo  channel  which  destroyed  the  levee  at  point 
where  the  diversion  was  made.  The  water  supply  received  from  the  Alamitos  canal  wa^  not 
enough  for  the  thorough  irrigation  of  this  area  and  crops  sufl'ered  considerably  from  lack  of 
water  after  March. 

The  rainfall  for  this  station  is  taken  from  the  United  States  Weather  Bureau  records 
kept  at  Imperial,  Cal. 
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Monthly  duty  ofwaier  under  McKimJIume  during  1906. 


MoDth. 


Januanr... 
FebniAry . . 

Manh 

April 

May 

June 

July 

August 

September. 
October.... 
November. . 
December.. 


Total  irrigation 

Total.  Including  rainfall . 


Acre-feet. 


ToUl. 


Per  acre. 


24.0 
16.7  [ 
12.^  ' 

lU.O  I 
85.6 

106.0 
79.4 
61.0  I 
71.9  t 
49.2  I 
17.0 
49.2 


689.8 


0.06 
.04 
.03 
.30 
.22 
.28 
.21 
.16 
.19 
.13 
.05 
.13 


1.81  , 
2.64 


I  Rainfall  In 
inches. 


1.50 
0.12 
1.06 
.16 
.00 
.00 
.07 
.00 
.04 
.00 
.83 
.30 


10.06 


OAUPORNIA -MEXICO   LAND   AND  CATTL^   COMPANY'S   FLUME. 

This  ststioD  was  established  November  28, 1904.  It  is  located  3)  miles  east  of  Mexicala. 
The  iota]  area  irrigated  under  this  flume  is  575  acres.  The  soil  is  classified  as  "  Imperial 
sandy  loam."  In  December,  1904,' the  entire  area  was  sown  to  barley,  75  acres  were  cut 
for  hay,  averaging  1}  tons  to  the  acre,  the  balance  of  the  acreage  was  used  for  pasturage. 
The  crop  was  equally  as  good  over  the  entire  area  as  that  on  the  75  acres  which  was  cut 
for  hay.  In  May,  1905,  the  entire  area  was  sown  to  KafRr  com.  This  crop  was  poor  and 
scattering  and  used  in  the  fall  for  pasturage.  This  area  received  an  ample  supply  of  water 
for  the  crops  raised. 

The  rainfall  for  this  station  is  taken  from  the  United  States  Weather  Bureau  records 
kept  at  Calexico,  Cal. 

Monthly  duly  of  water  under  California-Mexico  Land  and  Cattle  Company*  s  fume  during  1905. 


Month. 


January.. 
February . 
March.... 

AprU 

May 

June 

July 


August 

September. 
October.... 
November.. 
December.. 


Total  Irrigation 

Total,  including  rainfall . 


Acre 
Total. 

-feet. 
Per  acre. 

0.12 

Rainfall  in 
inches. 

67.6 

1.50 

5.0 

.01 

3.76 

30.7 

.05 

.91 

113.0 

.20 

.50 

313.0 

.55 

.00 

214.0 

.37 

.00 

332.0 

.58 

.03 

289.0 

.50 

.00 

131.0 

.23 

.13 

91.7 

.16 

.00 

66.0 

.11 

1.96 

lOl.O 

.18 

.54 

1,757.6 

3.06 
3.84 

9.33 

IBB  177—06 i 
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STREAM   MEASUREMENTS    IN    1905,   PART    XIII. 


MISOELLAHEOXrS  HEASITBEMEKTS  IK  OOLORASO  RIVER  DRAIKAOE  BA8IV. 

The  following  miscellaneous  measurements  were  made  in  canals  in  the  Colorado  River 
drainage  basin  by  W.  D.  Smith  during  1905: 

Miscellaneous  discharge  measurements  made  in  Colorado  River  drainage  basin  in  1905. 


Date. 


Locality. 


February  15  ... '  Imperial  canal  in  Mexico  immediately  below 
I      Quail  River  waste  gate.o 

February  28 *.  .do 

December  17.. .t  Imperial  canal  in  Mexico  immediately  Iwlow 
I      Quail  River  cut-off .» 

December 1  Quail  River  cut-off  in  Mexico  at  point  of 

I      di version  from  Imperial  canal. ^ 


Width., 


Dis- 
charge. 


o  Quail  River  waste  gate  is  in  Mexico,  IZ  miles  below  heading  No.  1  of  the  Imperial  canal.  .Oagings 
by  means  of  boat  and  cable  were  made  at  this  point  February  15  and  28  to  determine  amount  of  water 
being  carried  to  Imperial  Valley  by  the  canal. 

b  For  location  and  significance  of  this  gaging  see  general  description  of  Imperial  canal,  page  21.  A 
measurement  was  made  by  means  of  boat  and  cable. 

THE  GREAT  BASIN  DRAINAGE. 


GENERAL.  FEATURES. 

The  Great  Basin  drainage  in  California  is  comprised  within  the  subdrainages,  Sierra 
Nevada  and  \finor  Great  Basin.  Within  the  Sierra  Nevada  drainage  is  a  limited  area  of 
arid  country  lying  on  the  eastern  slope  of  the  Sierra  Nevadas.  This  area  includes  the 
Susan  and  Owens  River  drainage  basins.  Within  the  Minor  Great  Basin  drainage  lies  the 
Mohave  River  drainage  basin.  Having  no  outlet  to  the  sea,  the  entire  drainage  of  these 
basins  is  lost  mainly  through  evaporation  from  the  lakes  and  sinks  in  which  the  waters  of 
these  rivers  collect. 

SUSAN  RIVER  DRAINAGE  BASIN. 

DESGEIPTIOH  OF  BASIN. 

Susan  River  has  its  source  in  the  Sierra  Nevada  in  northeastern  California,  and  flows 
eastward,  discharging  into  Honey  Lake — one  of  the  landlocked  lakes  of  the  Great  Basin — 
of  which  it  is  the  principal  feeder.  A  considerable  area  of  land  is  irrigated  from  the  waters 
of  the  river  below  the  gaging  station,  and  during  the  last  ten  or  twelve  years  several  pro- 
jects have  been  started  for  irrigating  other  extensive  areas  by  the  storage  of  its  waters 
both  above  and  below  the  town  of  Susan ville. 

SXTSAK  RIVER  HEAR  SUSAKVILLE,  GAL. 

This  station  was  established  June  3,  1900,  by  L.  H.  Taylor.  It  is  located  about  ihree- 
fourths  of  a  mile  southwest  of  Susanville,  at  the  electric  light  plant. 

The  channel  is  straight  for  150  feet  above  and  250  feet  below  the  station.  The  current 
\s  swift.  There  is  a  riffle  immediately  above  the  cable.  The  right  bank  is  liigh  and  is  com- 
posed of  clay  covered  with  vegetation.  It  is  not  liable  to  overflow.  The  left  bank  is  low, 
liable  to  overflow,  and  covered  with  a  sparse  growth  of  willows^  The  bed  of  the  stream 
is  composted  of  gravel  and  cobblestones  and  is  permanent.  A  short  distance  above  the 
station  a  small  irrigating  ditch,  known  as  the  "Masten  ditch,"  is  taken  out  on  the  right 
bank. 

High-water  measurements  are  made  by  means  of  a  cable  and  car.  Measurements  at 
low  and  ordinary'  stages  are  made  by  wading.  The  initial  point  for  soundings  is  a  post  in 
the  fence  in  line  with  the  cable,  34.8  feet  from  the  cable  support  on  the  left  bank. 
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On  December  20,  1903,  the  station  was  reestablished,  and  the  datum  of  the  gage  was 
raised  2.00  feet.  A  gage  is  also  placed  in  the  flume  near  the  head  of  Masten  ditch.  During 
1905  the  gage  was  read  once  each  day  by  James  Branham.  Bench  marks  were  established 
as  follows:  (1)  A  nail  in  the  fence  post  which  is  used  as  the  initial  ix)int  for  soundings; 
elevation,  11.35  feet.  (2)  A  nail  in  the  cable  post;  elevation,  9.00  feet.  (3)  A  nail  in  the 
Cottonwood  tree  to  which  the  cable  is  attached;  elevation,  10.00  feet.  Elevations  refer 
to  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 


DescriptioD:  51,  p  «8;  66,  pp  115-116;  85,  p  123;  100,  pp  204-205;  133,  p  197. 

Diachiu^:  51,  p  408;  66,  p  116;  100,  p  205;  133,  p  197. 

Diacb&rge,  monthly:  75,  p  190;  133,  p  198. 

GMget  hefghts:  51.  p  408;  66,  p  116;  85,  p  124;  100.  p  205;  133,  p  108. 

Rating  table:  566.  p  175. 


Discharge  measttremenis  of  Susan  River  near  SuaanvilUy  CdL.j  in  1905. 


Date. 


Hydrographer. 


Width. 


Area  of 
section. 


Mean 
velocity. 


Gage 
height. 


March  2L J.  Branham. 

May  12. ' do 

Jiiiwl2 do 

Jane  25 do 

July23. do 

August  29 do 

September  26 do 


Dis- 
charge. 


I 


eet. 

Sq.ft. 

Ft.  per  sec. 

Feet. 

44 

92 

4.79 

6.60 

29 

48 

3.27 

5.40 

25 

31 

2.32 

4.70 

24 

18 

1.66 

4.20 

18 

10.8 

1.19 

3.85 

14 

8.1 

0.85- 

3.75 

19 

13.6 

1.13 

4.00 

Sec.-ft. 
441 
15J 
72 
30 
12.8 
6.9 
15.4 
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DaHy  gage  height,  in  feet ,  of  Susan  River  near  SumnvHU^  Col.,  for  1905. 


Day. 


2.. 

3. 

4. 

5. 

6. 

7., 

8., 

9. 
10. 
11. 
12.. 
13. 
14. 
15. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Jan. 

Feb. 

4.95 

5.2 

4.8 

5.2 

4.75 

5.2 

4.7 

5.2 

4.65 

5.15 

4.6 

5.05 

4.6 

4.85 

4.55 

4.8.5 

4.55 

4.75 

4.55 

4.8 

4.55 

4.7 

4.6 

4.65 

4.65 

4. 5.5 

4.7 

4.5 

4.7 

4.45 

4.7 

4.45 

4.7 

4.5 

4.65 

4.55 

4.65 

5.05 

4.65 

5.35 

4.65 

5.35 

4.8 

5.25 

5.5 

5.1 

5.4 

5.1 

5.2 

5.2 

4.9.5 

5.2 

4.9 

5.2.5 

4.9 

5.25 

4.85 

4.8 

4.8 

Mar. 

Apr. 
6.15 

May.; 

5.25 

5.95  i 

5.25 

5.95 

5.9    ' 

5.25 

5.95 

5.8    \ 

5.25 

5.9 

5.8    1 

5.25 

5.9 

5.65  1 

5.25 

6.0 

5.55 

5.25 

.5.25 

5.2 

5.2 

5.2 

5.4 

5.9 

5.9 

6.05 

6.1 

6.05 

6.0 

6.6    1 

6.25 

6.45  ; 

6.15 

6.1 

6.05  I 

5.85  ] 

6.9    ' 

6.3 

6.1     I 

6.0  j 

6.1  I 
6.0    I 


6.1 

6.1 

6.1 

6.2 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.05 

6.05 

6.a5 

5.95 

5.8 

5.8 

5.8 

5.8.5 

5.9 

6.0 

6.0 

6.0 

6.0 

6.0 


5.5 

5.5 

5.5 

5.45 

5.4 

5.4 

5.35 

5.3 

5.3 

5.4 

5.4 

5.4 

5.4 

5.4 

5.4 

5.4 

5.35 

5.:i5 

5.3 

5.3 

5.3 

5.25 

5.25 

5.2 

5.2 


June. 

5.15 

5.1 

5.05 

5.05 

5.0 

5.0 

5.0 

4.9 

4.85 

4.75 

4.7 

4.7 

4.65 

4.65 

4.6 

4.5 

4.5 

4.4 

4.4 

4.4 

4.3 

4.3 

4.25 

4.2 

4.2 

4.2 

4.2 

4.2 

4.15 

4.15 


July.  I  Ai  g. 


4.1  i 
4.45  I 
4.8  I 
4.6 

4.4  I 
4.25  I 
4.1    ! 

4.1  , 
4.0 
4.0    ' 

4.0  I 
3.95  I 

4.2  I 
4.2    , 
4.2    , 
4.0 
4.0 

4.1  \ 

4.05  ! 
3.9 
3.9 
3.85 
3.85 
3.85 
3.8.5 
3.8 
3.8 
3.75 
3.75 
4.1 


4.1 

4.1 

4.1 

4.1 

4.1 

4.1 

4.1 

4.0 

3.9 

3.8 

3.8 

3.8 

3.8 

3.8 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.8 

3.8 

3.8 

3.75 

3.75 

3.75 

3.75 

3.75 

3.8 

3.8 

3.8 


Sept.     Oct.  I  Nov.    Dec 


3.8 

3.8 

3.8 

3.8 

3.85 

3.85 

3.85 

3.85 

3.85 

3.85 

3.9 

3.9 

3.9 

3.85 

3.85 

3.8 

3.8 

3.8 

3.9 

3.9 

3.95 

3.95 

3.95 

3.95 

3.95 

4.0 

3.9 

4.0 

3.95 

3.9 


3.8    I 

3.8  I 

3.9  ! 
3.95  1 
3.95  ' 
3.95  i 
4.0    ' 
3.95  ! 
3.9    j 
3.9    j 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
4.0 
4.05 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 




4.0    1 
4.0 
4.0    > 
4.0    1 

4.0 
4.0    I 
4.0    I 
4.0 
4.0     ' 

4.0  » 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.05 
4.06 
4.1 
4.1 

4.1  I 
4.05  j 
4.05 
4.0 


4.0 
4.0 
4.0 
4.0 
iO 
4.6 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4,0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4,0 
4.0 


Station  rating  table  for  Siisan  River  7iear  Stisam^ille,  Oal.,from  Jannary  1  to  December  Sly 

1905. 


Gage 
height. 


Feet. 
3.75 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 


Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

7 

4.60 

59 

.5.  .50 

9    , 

4.70 

68 

5.60 

13 

4.80 

77 

5.70 

18 

4.90 

87     , 

5.80 

24 

5.00 

OS 

5.90 

oO 

5.10 

110 

6.00 

37 

5.20 

123 

6.10 

44 

5.30 

137    , 

6.20 

51 

5.40 

mi 

6.30 

Discharge. 


Second-feet. 
ir»S 
185 
203 
222 
242 
262 

284  ;. 

307 

\       331  .; 


(iage 
height. 

Dincharge. 

Feet. 

Second-feet. 

6.40 

356 

6.50 

382 

6.60 

410 

6.70 

440 

6.80 

470 

6.90 

500 

Note. 
defined. 


-The  above  table  is  based  on  11  discharge  measurements  made  during  1904  and  1905  and  Is  well 
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EwtimaUd  monthly  discharge  of  Susan  River  near  SusanxntUf  061.^  for  1905, 
[  Drainage  area,  256  square  miles.j 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

Novwnber 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


168 

144 

500 

307 

252 

116 

77 

24 

18 

21 

24 

18 


Minimum.      Mean. 


Total  In 
acre-feet. 


48 
123 

222  I 

123  ' 

27  ' 

7 

7! 
9  I 
9 
18 
18 


76.9 
96.9  j 

234      I 

264 

160 
61.3 
23.4 
12.1 
12.3 
16.7 
19.0 
18.0 


4,728 

5,382 

14,390 

15,710 

9,838 

3,648 

1,439 

744 

732 

965 

1,131 

1,107 


500 


7  i 


82.8 


59,810 


Run-off. 
Second-feet 


Depth 


•"mZ"'"'    '"'"^hea. 


I 


0.300 
.379  I 
.914  ' 

1.03  ! 
.625 
.239 
.091 
.047 
.048 
.061 
.074 
.070 


0.346 
.395 
1.05 
1.15 
.721 
.267 
.105 
.054 
.054 
.070 
.063 
.081 


.323 


4.38 


WILLOW  GREEK  AT  MEBRILLVILLE,   OAL. 

This  station  was  established  June  18,  1904,  by  S.  G.  Bennett.  It  is  located  at  the  old 
bridge,  100  feet  above  the  present  wagon  bridge  at  Merrillville. 

The  channel  is  straight  above  and  below  the  bridge  for  100  feet.  The  banks  on  each 
side  are  low,  but  not  subject  to  overflow,  and  there  is  very  little  fluctuation  in  the  discharge 
of  the  creek.     The  bed  of  the  stream  is  composed  of  gravel  and  is  not  su  bject  to  much  change. 

Discharge  measurements  are  made  from  the  bridge.  The  initial  point  for  soundings  is  on 
the  left  bank  of  the  stream. 

The  gage  is  a  staff"  fastened  vertically  to  the  left  end  of  the  bridge.  During  1905  the  gage 
was  read  once  each  day  by  R.  W.  Hurlbut. 

A  description  of  this  station  and  gage  height  and  discharge  data  are  contained  in  Water- 
Supply  Paper  No.  134,  United  States  Oeological  Survey,  pages  199-200. 


Digitized  by  VjOOQIC 


46  STREAM   MEA8DREMENT8   IN   1905,   PART    XIII. 

DaUy  gage  height  ^  in  fed  y  of  Willow  Creek  al  MernUvilUf  C<d.,  in  1906. 

Day. 


2. 
3. 
4. 

6. 

6., 

7. 

8. 

9.. 
10.. 
11.. 
12. 
13.. 
14.. 
15.. 
16. 
17.. 
18.. 
19. 
20.. 
21.. 
22. 
23.. 
24. 
25.. 
26.. 
27. 
28.. 
29., 
30.. 
31.. 


Jan. 

Feb. 

Mar.! 

I 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov.  } 

D<c 

1.1 

1.1 

1 

0.95  1 

1.1 

a9 

0.95 

.0.9 

0,95 

1,0 

1.1 

1.3 

l.S 

1.05 

1.1 

1.0    1 

1.05 

.9 

.95 

.9 

.95 

1.0 

1.1 

1.25 

1.3 

1.0 

1.1 

1.0  1 

1.0 

.95 

.95 

.9 

.95 

1.0 

1.1 

1.2 

L3 

1.0 

1.06 

1.0 

1.0 

.95 

.95 

.9 

.95 

1.0 

1.1 

1.2 

L5 

1.0 

1.1 

.95 

1.0 

.95 

.95 

.9 

.95 

1.0 

1.1 

1.2 

13 

1.0 

1.05 

.95 

1.0 

.95 

.95 

.9 

.95 

1.0 

1-2    . 

1.2 

1.3 

1.0 

1.0 

1.0 

1.0 

.95 

.95 

.9 

.95 

1.0 

1.3 

1.2    1 

L3 

1.0 

1.0 

1.05 

1.0 

.95 

1.0 

.9 

.95 

1.0 

1.2 

1.2 

1.3 

1.0 

1.0 

1.0 

1.0 

.95 

1.0 

.9 

1.0 

1.0 

1.2 

1.2    ' 

13 

1.0 

1.0 

1.0    1 

.95 

1.0 

.95 

.95 

1.0 

1.0 

1.2 

1.2 

1.3 

1.0 

1.0 

1.0    1 

.95 

1.05 

.95 

.95 

1.0 

1.0 

1.2 

1.2    ' 

1.3 

1.0 

1.0 

1.0    1 

.95 

1.1 

.95 

1.05 

1.0 

1.0 

1.2 

1.2 

L3 

1.0 

1.0 

1.05  1 

1.0 

1.05 

.95 

1.05 

1.0 

1.0 

1.2 

1.2 

1.3 

1.05 

1.0 

.95, 

1.0 

1.0 

.95 

1.0 

1.0 

1.0 -i 

1.2 

1.2 

L3 

1.05 

.95 

1.05  , 

1.0 

.95 

.95 

1.0 

1.0 

1.0 

1.2 

1.2 

1.3 

1.05 

1.0 

11 

1.0 

.9 

.95 

1.0 

1.0 

1.0 

1.2 

1.2 

1.3 

1.05 

1.0 

1.1     1 

1.0 

.9 

.95  1 

.95 

1.0 

1.05 

1.2 

1.2 

L3 

1.05 

1.0 

1.05! 

1.0 

.9 

.95 

.95 

1.0 

1.05 

1.2 

1.2 

L3 

1.05 

1.25 

1.1     ' 

1.0 

.9 

.95  , 

.95 

1.0 

1.05 

1.2 

1.2 

1.3 

1.0 

1.15 

1.05  1 

1.0 

.9 

.95  1 

.95 

1.0 

1.06 

1.2 

1.2 

1.3 

1.05 

1.05 

1.05  , 

1.0 

.9 

.95  ' 

.95 

1.0 

1.05 

1.2 

1.2 

1.3 

1.1 

1.05 

1.05  i 

1.0 

.95 

.95 

.95 

1.0 

1.05 

1.25 

1.2 

1.3 

1.1 

1.05 

1.05  ' 

.9 

.95 

.95  , 

.95 

1.0 

1.05 

1.25 

1  2 

1.3 

1.1 

1.0 

1.0    ' 

.9 

.95 

.95 

.95 

1.0 

1.05 

1.25 

1.2 

1.3 

1.05 

1.0 

1.0    ' 

.95 

.95 

.95  ' 

.95 

1.0 

1.05  ' 

1.25 

1.2 

1.3 

1.0 

1.05 

1.1 

.95 

1.0 

.95  ; 

.95 

1.0 

1.05 

1.2 

1.2 

1.3 

1.0 

1.0 

1.1     ' 

.95 

1.0 

.95 

.95 

1.0 

1.1    , 

1.2 

1.2 

1.3 

1.0 

1.0 

1.0 

.9:y 

1.0 

.95 

.95 

1.0 

1.15 

1.2 

1.25 

1.3 

1.0 

1.1  1 

.9 

.95 

.ft-) 

.95 

1.0 

1.2 

1.2 

1.25 

1.3 

1.0 

1.05  1 

.9 

.95 

.9 

.95 

1.0 

1.1 

1.2 

1.25 

1.3 

1.0 

1.05  1 

1 

.95 

.95 

1.0 



1.25 

1.3 

Station  rating  table  for  WUlow  Creek  at  Merrill ciUe,  Col.,  from  July  2,  7904,  to  December  .11, 

1905, 


hei^t.   .I>i-»^arge.l    ,«-^|e.     Discharge.      ^^   ;  Discharge. !    ,«^,,   |  Discharge. 


i     Feet.      Second-feH.^     Feet.      Second-feet 


I       0.90 
I        1.00    I 


10    I 
18    I 


Feet.     ,  Second-feet. 
1.20    i  22    ' 


Feet. 
1.30 


Second-feet. 
24 


Note.— The  above  table  is  based  on  four  discharge  nieasuromeiits  made  during  1904,  and  is  fairly  well 
defined. 
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Estimated  morMy  discharge  of  WiUaw  Creek  at  MerrUlviUe,  Cd.Jor  1905. 


Month. 


January 

Tebniary... 

March 

April 

May 

June 

July 

Aagiut 

September.. 

October 

NoTember. 
December.. 


The  year. 


Discharge  in  second-feet. 
Maximum.'  Minimum.  |    Mean. 

Total  in 
acre-feet. 

20 

18 

18.5 

1,138 

23 

17 

1&8 

1,044 

20 

17 

18.6 

1,144 

20 

16 

17.6 

1,047 

20 

16 

17.1 

1,051 

18 

16 

17.0 

1,012 

19 

16 

16.9 

1,039 

18 

17 

17.7 

1,088 

22 

18 

18.7 

1,113 

24 

20 

21.9 

1,347 

24 

^       ^ 

22.2 

1,321 

24 

24.0 

1,476 

24 

16 

19.1 

13,820 

WILLOW  GREEK  HSAB  8TAKDI8H,  GAL. 

This  station  was  originally  established  June  4,  1900.  It  was  reestablished  January  \, 
1905,  and  discontinued  E>eceniber  31  of  the  same  year.  It  is  located  at  the  bridge  on  the 
road  from  Susanville  to  Hot  Springs  and  is  about  1}  miles  above  the  junction  of  the  creek 
with  Susan  River.     It  is  about  4  miles  west  of  north  from  Standish. 

TTie  channel  is  straight  for  300  feet  above  and  250  feet  below  the  station.  The  right 
bank  is  rather  low  and  is  subject  to  overflow  at  extreme  high  water;  the  left  bank  is  high 
and  not  liable  to  overflow.     The  stream  bed  is  sandy  and  liable  to  shift  somewhat. 

Discharge  measurements  are  made  from  the  bridge.  The  initial  point  for  soundings  is 
on  the  end  of  the  bridge  on  the  left  bank. 

The  gage  is  a  stafl"  fastened  vertically  to  the  left  abutment  of  the  bridge.  During  1905 
the  gage  was  read  once  each  day  by  T.  E.  Ravenscroft 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey : 

Deacription:  51.  p  407;  66,  p  115. 

Discharge:  51.  p  407. 

Gage  heights:  51,  p  407;  66,  p  115. 

Discharge  measurements  of  WHlow  Creek  near  Standish ^  Cal.,  in  1905. 


Date. 

Hydrographer. 

Width. 
Feet. 

Area  of 
section. 

Sq.ft. 

Mean     ; 
velocity. 

Ft.perxec. 

Gage 
height.  . 

Feet. 

Dis- 
charge. 

1 

Sec.-Jt. 

January  24  . . . 

,  J.  Branham 

57 

117 

0.80 

6.15 

94 

January  29  . . . 

do 

57 

87 

.79 

5.35 

m 

February  26.. 

< do 

57 

las 

.79 

5.75 

83 

April  21 

do 

'          32 

21 

.9.5 

4.00 

20 

November  19 . 

! do 

1 

57 

. 

■*'i 

4.80 

34 
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Daily  gage  height,  in  feet,  of  WUlaw  Creek  near  Siandish,  Cal.,for  1905. 


Day. 

Jan. 

Feb. 

Mar. 

Apr.  1 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov.  1 

Dec 

1 

6.6 
6.6 
5.0 

6.8 
6.7 
5.9 

5.0 
4.8 
4.0 

5.5  ' 

6.3 

5.0 

4.0 
4.0 
4.0 

4.0 
4.0 
4.0 

3.0 
3.0 
3.0 

4.0 
4.0 
4.0 

4.2 
4.5  { 
4.4  1 

5.0 
4.8 
4.6 

'          1 
5.0  1 

5.1, 

5.0 

5.0 

2 

5.3 

3 

5-2 

4 

5.0 



4.0 

5.0 

4.0 

4.0 

6.0 

4.0 

4.4  1 

4.3 

5.0 

5-0 

5 

4.6 

5.8 

4.0 

4.8 

4.0 

4.0 

."..8 

4.0 

4.4  , 

4.0 

5.0  1 

5.1 

6 

4.6 

6.0 

4.4 

4.5 

4.0 

4.0 

4.8 

4.0 

4.4  1 

4.0 

5.1' 

5.0 

7 

4.6 
4.6 
4.6 
4.6 
4.6 

6.0 
5.8 
5.6 
5.0 
5.0 

4.4 

4.4 
4.0 
40 
4.4 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.2 

4.0 
4.2 
4.1 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.2 

4.4 

4.4  1 
4.4  1 
4.0  1 
4.0 

4.0 
4.2 
4.2 
4.1 
4.1 

5.2  1 

5.0, 

5.0; 

5.2 

5.1 

5-2 

8 

4.1 

9 

4.1 

10 

4.4 

U 

4.4 

12 

4.7 
4.7 
4.7 

5.8 

5.0 
5.0 
5.0 
4.6 

4.0 
4.0 
4.0 
4.4 

3.8 
4.0 
4.0 
4.0 

4.2 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 

6.0 
6.0 
5.8 
5.0 

4.0 
4.0 
4.0 
4.0 

4.0  ' 

4.0 ; 

6.0  , 

5.8  1 

4.0 
4.0 
4.0 
4.0 

4.6' 
4.4 
4.4 
4.4 

4.4 

13 

4-3 

14 

4.5 

15 

4.1 

16 

5.8 

6.0 

6.0 

6.4 

G.S.'i 

6.0 

7.6 

7.8 

6.0 

4.7 
4.7 
4.7 
5.1 
6.0 
7.8 
7.8 
7.0 
6.2 

4.4 
4.4 
4.4 

5.0 
5.0 
^2 
5.2 
5.0 
4.8 

4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 
4.1 
4.1 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

5.8 
5.8 
5.8 
6.0 
6.0 
6.0 
5.0 
5.0 
4.8 

4.0 
4.0 
4.2 
4.2 
4.6 
4.5 
4.6 
4.2 
4.0 

5.0  \ 
5.0  \ 
5.0  i 
5.0  1 
5.0  1 
4.8  [ 
4.8  1 
4.8  1 
4.6  1 

4.1 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
5.0 
5.1 

4.6 
4.8 
4.8 
5.0 
5.0 
4.8 
4.6 
4.6 
4.5 

4.1 

17 

4.3 

18 

4.3 

19 

4.3 

20 

4.3 

21 

4.0 

22 

5.0 

23 

5.0 

24 

5.2 

25 

6.0 
5.S 

6.0 
6.3 

4.6 
5.3 

4.0 
4.0 

4.0 
4.0 

4.0 
6.2 

4.1 
4.0 

4.0 
4.2 

4.5 
5.0  1 

5.2 
5.2 

4.4 

4.8 

5.0 

26 

5.2 

27 

5.6 

5.0 

5.0 

4.0 

4.0 

5.0 

4.0 

4.2 

6.0 

5.1 

4.8 

5.3 

28 

5.6 

5.0 

5.0 

4.0 

3.8 

4.0 

4.0 

4.2 

5.8  1 

5.5 

5.0 

5.3 

29 

5.7 

5.0 

4.0 

3.8 

4.0 

4.0 

4.2 

5.8  ' 

5.2 

5.0 

5.3 

30 

5.0 

5.0 

4.0 

3.8 

3.6 

4.0 

4.3 

5.0  1 

5.0 

5.0 

5.3 

31.       .   . 

5.6 

5.5 

4.0 

4.2 

5.0 

5.3 

Station  rating  table  for  WiUow  Creek  near  Stand  ish,  Cal.,from  January  1  to  December  SI,  1905. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

height. 

Discharge. 

Gage     1 
height.   ; 

Feet. 

Second-feet. 

Feel. 

Second-feet. 

Feet. 

Second' feet. 

Feet. 

3,60 

10 

4.60 

31 

5.60 

74 

6.60 

3.70 

11 

4.70 

!               34 

5.70 

KO 

6.70 

3.80 

13 

4.80 

37 

5.80 

86 

6.80 

3.90 

15 

4.90 

41 

5.90 

92    ! 

6.90 

4.00 

17 

5.00 

45  ; 

6.00 

OS 

7.00 

4.10 

19 

5.10 

!               49 

6.10 

m 

7.20 

4.20 

21 

5.20 

'               54    . 

6.20 

112 

7.40 

4.30 

23 

5.30 

1             60    ! 

6.30 

119    ! 

7.60 

4.40 

25 

5.40 

1               64    1 

6.40 

126    f 

7.80 

4.50 

28 

5.50 

1            69    ; 

6.5a 

133 

I  Discharge. 

Second-feel. 
141 
149 
157 
165 
173 
189 
205 
221 


NOTE.- 

defined. 


-The  above  table  is  based  on  five  discharge  measurements  made  during  1905  and  is  not  well 
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Estimated  monthly  discharge  of  Willow  Creek  near  Standish,  OoL.yfor  1905. 

Month. 


January 

February  « 

March 

April 

Mayo 

June 

July 

August 

September 

October 

November 

December 

The  year 


oDischarge  interpolated  February  4  and  May  31. 

OMTENS  RIVER  DRAINAGE  BASIN. 

DEBORIPTIOir  OF  BA8IH. 

Owens  River  has  its  source  in  the  Sierra  Nevadas  in  eastern  California  and  hows  south- 
east parallel  with  this  range,  finally  dischai^ing  its  waters  into  Owens  Lake.  This  basin 
has  a  length  from  north  to  south  of  approximately  1.50  miles  with  a  width  of  from  20  to  25 
miles.  It  lies  between  the  Sierra  Nevadas  on  the  west  and  the  White  Mountains  on  the 
east.  Practically  the  entire  flow  of  this  river  is  derived  from  the  Sierra  Nevadas,  as  it 
drains  the  entire  eastern  slope  of  this  range  from  Mount  Lyell  on  the  north  to  a  point  some 
distance  below  Mount  Whitney  on  the  south.  The  White  Mountains  furnish  no  water  for 
thb  stream  except  in  times  of  exceptionally  heavy' rain  storms,  which  seldom  occur  on  this 
range.  There  are  numerous  tributaries  entering  Owens  River  from  the  west  which  have 
their  source  in  the  high  elevations  of  the  Sierra  Nevadas,  extending  from  the  northern  to 
the  southern  limits  of  this  basin.  The  topography  of  the  portion  of  the  Sierra  Nevadas 
which  is  drained  by  this  stream  is  extremely  rough  and  precipitous,  the  mountains  rising 
abruptly  from  Owens  Valley  to  elevations  of  13,000  to  14,000  feet.  The  formation  is  of 
granite,  with  very  little  soil  covering  and  sparse  timber  growth.  Numerous  lakes  and 
marshes  are  found  in  the  upper  reaches  of  this  portion  of  the  drainage  basin.  Owens 
River,  a  short  distance  below  its  source,  enters  a  flat,  swampy  country  known  as  Long  Val- 
ley, where  a  considerable  quantity  of  its  flow  is  used  for  the  irrigation  of  meadow  lands  for 
•itock  raising.  This  water  returns  to  the  river  channel  at  the  lower  end  of  this  valley,  at 
which  point  the  stream  enters  a  deep,  narrow  gorge  with  heavy  grade.  As  the  river  breaks 
from  this  canyon  it  enters  Owens  Valley,  through  which  it  flows  for  a  distance  of  about  80 
miles,  finally  discharging  int6  Owens  Lake.  The  gaging  station  at  Round  Valley  is  located 
at  the  lower  end  of  this  canyon.  Below  this  point  numerous  diversions  are  made  for  the 
irrigation  of  land  in  Owens  Valle}',  where  the  soil  is  extensively  cultivated  and  lai^  areas 
are  used  for  the  raising  of  hay  and  grain.  This  country  is  particularly  adapted  to  stock 
raising,  which  is  carried  on  extensively  throughout  the  valley.  There  are  numerous  oppor- 
tunities for  the  construction  of  storage  reservoirs  within  this  basin,  both  on  the  main  stream 
and  also  on  the  upper  reaches  of  its  tributaries,  although  none  have  been  constructed  as 
yet.  The  precipitation  is  extremely  light  within  the  area  of  this  basin  with  the  exception 
of  the  high  elevations  of  the  Sierra  Nevadas,  where  there  is  a  heavy  fall  of  snow.     The 
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melting  of  the  snow  in  the  spring  and  summer  months  feeds  the  numerous  tributaries  of 
this  river,  insuring  a  continued  flow  throughout  the  year. 

The  gaging  stations  on  canals  taking  water  from  Owens  River  may  be  considered  as 
temporary.  The  gage  rods  in  most  instances  are  securely  fastened  to  footbridges  and  are 
not  liable  to  change.     No  permanent  bench  marks  were  established. 


OWEirS  UVER  HSAB  ROXnTD  YALLST,  GAL. 

This  station  was  established  August  3,  1903,  by  J.  C.  Clausen.  It  is  located  at  the  foot- 
bridge,  700  feet  above  the  junction  of  Owens  River  and  Rock  Creek. 

The  river  at  this  point  cuts  through  a  lava  deposit  about  100  feet  thick  and  forms  a  gorge, 
which  is  about  250  feet  wide  at  the  top.  The  channel  is  straight  for  175  feet  above  and  250 
feet  below  the  station.  The  current  is  swift  at  all  stages.  Both  banks  are  high  and  rocky 
and  are  not  liable  to  overflow.  The  bed  of  the  stream  is  composed  of  rock  and  lava  bowlders 
and  is  not  subject  to  much  change. 

Discharge  measurements  are  made  from  the  single-span  footbridge  to  which  the  gage  is 
attached.  The  bridge  is  37  feet  long  and  has  a  clear  span  of  35  feet.  The  initial  point  for 
soundings  is  the  anchor  bolt  of  the  right  abutment. 

The  gage  is  a  vertical  rod,  fastened  to  the  concrete  bridge  abutment  on  the  left  bank. 
During  1905  the  gage  was  read  once  each  day  by  T.  E.  Jones.  The  bench  mark  is  a  bolt  set 
in  a  lava  bowlder  97.4  feet  north  of  the  right  abutment. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  100,  p  206:  134,  p  200. 

Discharge:  100,  p  206;  134.  p  201. 

Discharge,  monthly:  134,  p  203. 

Gage  heights,  100,  p  207;  134,  p  202. 

Rating  table:  134,  p  203. 

Discharge  measurements  of  Owens  River  near  Round  Valley  ^  Col.,  in  1905. 


Date. 


Hydrographer. 


January  16 i  R.J.  Taylor 

February  9 do 

April  4 1  J.  S.  Evans 

May  22 do 

June  27 do 

July  25 i do 

August  15 do 

September  8 do 

September  27 do 

November  2.. .    F.  R.  S.  Buttemer. 

November  24 do 

December  10 do 


I 


Width. 

Area  of 
section. 

Sq.ft. 

Mean 
velocity. 

Gage 
height. 

Feet. 

Dis- 
charge. 

Feet. 

Ft.  per  sec. 

Sec.-ft. 

34 

73 

2.52 

1.97 

184 

34 

76 

2.?0 

1.95 

173 

34 

72 

2.49 

2.00 

179 

34 

91 

3.36 

2.39 

m 

34 

102 

3.74 

2.58 

382 

34 

76 

2.73 

2.15 

207 

34 

72 

2.12 

1.90 

154 

34 

76 

2.33 

2.00 

177 

24 

72 

2.15 

1.90 

15S 

34 

72 

2.28 

1.80 

1(4 

34 

75 

2.40 

1.85 

180 

34 

70 

2.16 

1.73 

151 
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Day. 


OWENS   RIVEB   DRAINAGE    BASIN. 
Ikalygdge  height,  in  feet,  of  Owens  River  near  Round  VaUey,  Ccd.jfor  1906. 

Aug. 


51 


I  Jan.  I  Feb. 


1 % I  2.15  I    2.2 

2 1  2.1  I    2.15 

3 1  2.1  2.1 

4 2.0  j    2.1 

5 1  2.0  I    2.1 

6 2.0  I    2.0 

7 1  2.0  2.1 

8 1  2.0  I    2.1 

9 1  2.0  '    2.1 

10 ,  2.0  I    2.1 

U I  2.0  '    2.1 

12 1  1.95  '    2.0 

13 1.95  '    2.0 

14 1.9  I    2.0 

IS I  1.9  !    2.0 

16 1  1.9  I    2.0 

17 1  1.95  I    2.0 

18 1.95  I    2.1 

19 2.0  I    2.2 

30 2.0  1    2.1 

21 j  2.1  I    2.0 

22 2.1  1     1.95 

23 2.0  I     1.95 

24 '  2.0  I     1.9 

2.'i '  2.1  I     1.85 

26 2.1  I     1.85 

27 2.1  ]    2.0 

28 '  2.1  2.1 

29 '  2.1  ! 

30 1  2.2  ' 

31 : I  2.2  I 


Mar. 


2.2 

2.25 

2.2 

2.2 

2.2 

2.25 

2.25 

2.2 

2.1 

2.1 

2.0 

2.0 

2.5 

2.15 

2.15 

2.15 

2.1 

2.1 

2.05 

2.05 

2.1 

2.1 

2.1 

10 

2.0 

2.0 

2.0 

1.95 

1.9 

1.9 

1.9 


Apr. 

1.9 
1.95 
2.0    I 
2.0    I 
2.0    I 
2.0 
2.0    I 

2.0  I 

2.1  , 
2.1    , 
2.0 
2.0    ' 
2.0    ! 
1.95  I 
1.9    i 
1.9 
1.95 
1.95  ' 
1.95  ' 
1.95  I 
1.9    I 
1.9 
1.9 

,.(«; 

1.95  ' 
1.95 
1.95  i 

2.0  ; 

2.05  i 
2.05  I 


May. 


June. 


July. 


2.1    I 

2.1    I 

2.1     I 

2.1     I 

2.1    I 

2.05  I 

2.0    I 

2.0 

2.0    ' 

2.0    I 

2.0 

2.0 

2.0 

2.0 

2.t) 

2.0 

2.2 

2.35 

2.35 

2.4 

2.4 

2.4 

2.4 

2,4 

2.4 

2.4 

2.45 

2.55 

2.5 

2.4 

2.3 


2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.35  I 

2.35  I 

2.4    , 

2.4 

2.4    I 

2.55  , 

2.7 

2.75 

2.76 

2.76 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

2.95 

2.8 

2.7 

2.6 

2.6 

2.55 

2.5 


2.5 

2.5 

2.6 

2.6 

2.6 

2.6 

2.5 

2.5 

2.5 

2.5 

2.5 

2.45 

2.4 

2.4 

2.4 

2.3 

2.2 

2.2 

2.2 

2.2 

2.15 

2.1 

2.1 

2.1 

2.1 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 


2.1 

2.05 

2.05 

2.0 

2.0 

1.95 

1.95 

2.0 

2.0 

2.0 

1.9 

1.9 

1.9 

2.0 

2.0 

2.0 

1.9 

1.9 

1.9 

1.85 

1.85 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1. 


Sept. 

1.9 

1.9 

1.9 

1.9 

1.95 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 


Oct.  I  Nov. 


I 


2.0 

2.0 

2.0 

1.95 

1.95 

1.9 

1.9 

1.9 

1.9 

1.95 

1.95 

2.0 

2.0 

2.0 

2.0 

2.0 

1.95 

1.95 

1.9 

1.85 

1.85 

1.85 

1.85 

1.85 

1.8 

1.8 

1.75 

1.75  I 

1.75  i 

1.75  I 

1.75  I 


1.8 

1.8 

1.75 

1.75 

1.8 

1.8 

1.85 

1.85 

1.9 

1.9 

1.9 

1.9 

1.9 

1.95 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.95 

1.9 

1.9 


I 


Dec. 


1.9 

1.9 

1.95 

1.95 

1.95 

2.0 

2.0 

2.0 

1.95 

1.9 

1.9 

1.9 

1.9 

1.85 

1.85 

1.85 

1.8 

1.8 

1.8 

1.75 

1.75 

1.75 

1.75 

1.75 

1.75 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 


Suaionrixting  table  for  Owens  River  near  RoundV  alley  ^Cal.,  from  J  anuaryl  to  October  10, 1905. 


I 


S^t.   ll>i«charge. 


heij 


I 

Feet.  ^Second-feet.  \ 

'  1.80  I  134    ll 

1.90  I  158    j 

2.00  I 

2.10  I 


Discharge.     ^("^^    ,  Discharge. 


184 
211 


Feet. 

Second-feet  J 

Feet. 

2.20 

240    1' 

2.60 

2.30 

271     1 

2.70 

2.40 

304    1 

2.80 

2.50 

339 

2.90 

Second-feet. 

377 

415 

453 

493 


hdX  I  Discharge. 


Feet. 
3.00 


Second-feet 
533 


Note.— The  above  table  is  based  on  12  discharge  measurements  made  during  1904-5.    1 1   U  fnlrly 
'"^«U  defined  between  gage  heights  1.9  feet  and  3.1  feet. 
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Station  rating  table  for  Owens  River  near  Round  Valley ^  C at.  ^  from.  Oetoher  11  (o  December  31  j 

1906. 


Gage 
height. 

DiiK.harge.||b«^«,, 

Discharge. 

Second-feet. 
166 

\    Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 
1.70 

Second-feet.      Feet. 

141    1        1.80 

j 

Feel. 
1.90 

Second-feet. 
191 

Feet. 
2.00 

Second-feet. 
219 

Note.— The  above  table  is  based  on  three  discharge  measurements  made  during  the  latter  part  of  1905 
and  is  fairly  well  defined. 


Estimated  monthly  discharge  ofOwene  River  near  Round  VaUey^  Cat.,  for  1905. 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 

Minimum. 

240 

158 

240 

146 

339 

158 

211 

158 

368 

184 

533 

271 

377 

184 

211 

146 

184 

158 

219 

163 

219 

163 

219 

163 

633 

146 

Mean. 


Total  in 
acre-feet. 


193 

11,870 

196 

10.880 

213 

13,100 

177 

10,530 

246 

15,130 

392 

23,330 

275 

16,910 

169 

10,390 

180 

10,710 

180 

ll,O?0 

197 

11,730 

179 

11,010 

216  I 


156.600 


BOOK  CRBEX  KSAB  BOXTirD  YALLET.  OAL. 

This  station  was  established  August  3, 1903,  by  J.  C.  Clausen.  It  is  located  at  the  wagon 
bridge  on  the  road  from  Long  Valley  to  Bishop  3,500  feet  above  the  mouth  of  the  creek. 

The  channel  is  straight  for  50  feet  above  and  40  feet  below  the  footbridge.  The  current 
is  swift.  Both  banks  are  high  and  rocky  and  are  not  liable  to  overflow.  The  bed  of  the 
stream  is  composed  of  gravel  and  is  not  subject  to  much  change. 

Discharge  measurements  are  made  from  a  footbridge,  which  has  a  span  of  18  feet.  The 
initial  point  for  soundings  is  on  right  bank  of  stream. 

The  gage  is  a  vertical  rod  fastened  to  the  left  end  of  the  bridge.  During  1905  the  gage  was 
read  once  each  day  by  T.  E.  Jones.  The  bench  mark  is  a  point  marked  on  a  lava  rock  15 
feet  east  of  the  left  end  of  the  footbridge. 

Information  in  regard  to  this  station  is  contained  in  the  following  water-supply  papers  of 
the  United  States  Geological  Survey: 

Description:  100,  p  207;  134,  p  204. 
Discharge:  100,  p  207;  134,  p  204. 
Discharge,  monthly:  134.  p  307. 
Gage  heights:  100.  p  208;  134,  pp  206-206. 
Rating  Uble:  134  p  206. 
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DUcharge  meaguremerUs  of  Rock  Creek  near  Round  V alley ^  Col.,  in  1906. 


Date. 


Hydrographer. 


Januarr  16. '  R.J.Taylor 

February  9 do 

April  4 J.  8.  Evans 

April  25. do 

May  24 do 

June  27 do 

Jaly25 do 

August  15 do 

Septembers...! do 

September  27 do 

NoTerober  2 . .  J  F.  R.  S.  Buttemer. 

November24 do 

December  10. . .  t do 


Width. 


Feet. 
13 
13 
13 
12 
14 
14.6 
13 
12.5 
12 
12 
13.5 
13.5 
13.5 


Area  of 
section. 


I 


Sq.ft. 
16 

12.8 
12.8 
11.6 
19.3 
23 
12.6 
11.6 
11.2 
11.6 
14 

15.3 
16 


Mean 
velocity. 


Ft.  per  sec. 
1.76 
1.56 
1.55 
1.60 
2.02 
2.22 
1.90 
1.09 
1.57 
1.57 
1.50 
1.50 
1.09 


Gaec 
height. 


Feet. 
1.52 
1.30 
1.40 
1.15 
1.80 
2.00 
1.30 
1.20 
1.18 
1.20 
1.35 
1.46 
1.60 


Dis- 
charge. 


Sec.-ft. 
28 
20 
19.9 
18.6 
39 
51 
24 
19.6 
18.6 
18.2 
21 
23 
27 


1.. 
2.. 
3.. 
4.. 
5.. 
6.. 
7.. 
8.. 
9.. 
10.. 
11.. 
13.. 
13.. 
14.. 
15.. 
16.. 

18.. 
19.. 

30.. 
21.. 
22.. 


24.. 
K.. 
36.. 
27.. 
28.. 
2>.. 
30.. 
31.. 


DaUy  gage  height  ^  in  feet ,  of  Rock  Creek  near  Round  V  alley  ^  Col.  ^  for  1906. 


l>«y- 


Jan. 


1.5 

1.5    i 

1.5 

1.4    1 

1.5 

1.35 

1.4 

1.3 

1.3 

1.3 

1.3 

1.3 

1.7 

1.6 

1.6 

1.5 

1.5 

1.5 

1.5 

1.5 

1.4 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.35 

1.4 

1.4 

1.45 

1.45 

1.7 

1.7 

1.6 


Feb. 


Mar. 


2.1 

1.6 

1.6 

1.5 

1.5 
.5 
.4 
.3f 
.3 
.3 
.3 

1.4 

1.4 

1.4 

1.4 

1.45 

1.5 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 


1.4 

1.4 

1.4 

1.4 

1.35 

1.3 

1.2 

1.2 

1.1 

1.1 

1.2 

1.2 

1.5 

1.35 

1.35 

1.4 

1.45 

1.45 

1.4 

1.4 

1.35 

1.35 

1.3 


Apr. 


1.6 

1.45 

i.a 

1.5 

1.45 

1.4 

1.45 

1.4 

1.4 

1     1.4 

1    i.-i 

1.3 

1.3 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.3 

1.3 

l.t5 

1.25 

1.25 

1.2 

1.2 

1.2 

1.15 

1.1 

1.1 

1.0 

1.0 

1.0 

1.0 

1.15 

1.15 

1.15 

1.2 

1.2 

1.25 


May.    June. 


1.3 
1.4 
1.35 
1.3 
1.3 
1.2 
1.2 
1.2 
1.25 
1.25 
1.25 
\3 
1.3 
1.3 
1.3 
1.3 
1.7 
1.9 
1.9 
1.9 
1.8 
1.8 
1.^ 
1.75 
1.7 
1.7 
1.75 
1.9 
1.8 
1.8 
1.75 


1.7 

1.65 

1.65 

1.6 

1.6 

1.6 

1.5 

1.6 

1.7 

1.7 

1.8 

2.1 

2.1 

2.15 

2.3 

2.3 

2.35 

2.4 

2.5 

2.45 

2.4 

2.3 

2.3 

2.2 

2.2 

2.1 

2.0 

1.9 

1.85 

1.8 


July. 

Aug. 
1.35 

1.8 

1.8 

1.35 

1.75 

1.35 

1.75 

1.3 

1.8 

1.3 

1.8 

1.9 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.9 

1.8 

1.7 

1.6 

1.6 

1.6 

1.55 

1.55 

1.5 

1.5 

1.4 


1.25 

1.3 

1.3 

1.4 

1.4 

1.3 

1.25 

1.25 

1.2 

1.2 

1.15 

1.15 

1.15 

1.15 

1.15 

1.15 

1.15 

1.15 

1.1 

1.1 

1.1 


1.4 

1.1     , 

1.3 

1     1.25 

1.25 

1.15 

1.4 

1.15 

Sept. 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.15 

1.1 

1.1 

1.15 

1.15 

1.2 

1.2 

1.25 

1.3 

1.3 

1.3 

1.3 

1.25 

1.2 

1.2 

1.2 

1.2 


Oct. 

Nov. 

1.2 

1.3 

1.2 

1.3 

1.2 

1.3 

1.25 

1.3 

1.25 

1.3 

1.25 

1.3 

1.25 

1.3 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 

1.2 

1.2 

1.2 

1.2 

1.2 

1.25 

1.2 

1.3 

1.25 

1.3 

1.25 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.35 

1.3 

1.4 

1.3 

1.45 

1.3 

1.3 

1.25 

1.25 

1.25 

1.25 

1.25 


1.5 
1.5 
1.55 
1.6 
1.6 
1.55 


1.6 

1.6 

1.65 

1.65 

1.65 

1.65 

1.65 

1.65 

1.65 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.55 

1.55 

1.55 

1.5 

1.5 

1.55 

1.6 

1.6 

1.6 

1.6 

1.55 
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DaUy  discharge  f  in  second-feHf  of  Rock  Creek  netir  Round  VdUty^  Col.  ^  for  1905. 


1., 
2. 

3. 

4. 

5. 

6. 

7., 

8.. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29.. 
30.. 
31.. 


Day. 


Jan.  '  Feb.     Mar.  I  Apr.     May. 


34 
30 

30  I 
26  I 
26  , 

26 ; 

26  i 
26| 

23  I 
20  i 

20  I 
20 
20, 
20 
20 

21  ! 

23 

23| 

24 

24  I 
34  , 
34 
30 
30 


26 

24 

23 

24 

23 

23 

23 

23 

20 

20 



23 

23 

23 

23 

23 

23 

23 

23 

21 

23 

20 

23 

18 

23 

18 

23 

16 

20 

16 

20 

18 

19 

18 

19 

26 

19 

21 

18 

21 

18 

23 

18 

24 

17 

24 

16 

23 

16 

23 

14 

21 

14 

21 

14 

20 

14 

21 

16 

23 

17 

23 

17 

23 

17 

23 

18 

23 

18 

23 
23 

19 


June. 

July. 

34 

42 

32 

42 

32 

40 

30 

40 

30 

42 

30 

42 

26 

46 

30 

51 

34 

51 

34 

51 

39 

51 

56 

51 

56 

51 

59 

51 

68 

51 

68 

46 

71 

42 

74 

38 

81 

33 

78 

33 

74 

33 

68 

31 

68 

31 

62 

30 

62 

30 

56 

26 

50 

26 

46 

23 

44 

21 

42 

21 

26 

Aug.     Sept. 


Oct. 

Nov. 

19 

20 

19 

20 

19 

20 

19 

20 

19 

20 

D€C. 


2s 

2S 
2S 


Note.— Owing  to  shifting  conditions,  the  daily  discbarge  has  been  computed  from  several  curves,  each 
covering  a  short  period  of  time. 

Estimated  monthly  discharge  of  Rock  Creek  near  Round  V alley ^  Gad.  ^  for  1905, 


Jiintmry.. 
February. 

Jlamh 

Ajiri!.,.... 


May.. ...... 

JiUlIf ^ 

July 

Aijinifft.,**. 

tHrti^btfT- .  . . 

Kiiv*ni!ier, 


Mopth. 


Hiflyear. 


DEwbarj^e  tn  secmnd-flBet. 

T^tnlfa 

Maximum, 

Minimum. 

Mfl«ii. 

len^M. 

M 

20 

:H.i 

1,51^^ 

m 

30 

24.9 

1,|K 

20 

\^ 

2U5 

%IZ1 

23 

U 

lar 

liH 

U 

\A 

m.% 

l^TTi 

81 

aft 

aa 

SiWJ 

jl 

2\ 

38.a 

%w 

*m 

17 

mi 

l,» 

m 

LH 

19.0 

urn 

20 

ig 

10,3 

M»? 

27 

19 

21.1 

IM 

2.^ 

24 

afl.ft 

!.«» 

SI 

U 

ULt 

vm 
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Fnrx  OKBXK  irxAB  &oxnn>  yallet,  oal. 

This  station  was  established  August  3,  1903,  by  J.  C.  Clausen.  It  is  located  150  feet 
below  the  wagon  bridge  on  the  road  from  Bishop  to  Long  VaUey  and  100  feet  above  the 
mouth  of  the  creek. 

The  channel  is  strai^t  for  about  50  feet  above  and  100  feet  below  the  station.  The 
current  has  a  velocity  of  about  1  foot  per  second  at  ordinary  stages.  Both  banks  are 
high  and  rocky  and  are  not  liable  to  overflow.  The  bed  of  the  stream  is  rocky  and 
permanent. 

Discharge  measurements  are  made  by  wading.  The  initial  point  for  soundings  is  a 
stake  on  the  right  bank  of  the  stream. 

The  gage  is  a  vertical  rod  fastened  in  the  rocks  near  the  right  bank.  During  1905  the 
gage  was  read  once  each  day  by  T.  E.  Jones.  The  bench  mark  is  the  one  at  the  Rock 
Creek  station.  It  is  a  point  marked  on  the  lava  rock  15  feet  east  of  the  left  end  of  the 
footbridge. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Deseriptioo:  ]00,  p  208;  134,  p  207. 
Dlacharge:  100,  p  209;  134,  p  208. 
Ducharge,  monthly:  134,  p  210. 
Gtge  heights:  100,  p  200;  134,  pp  208-200. 
Rating  table:  134,  p  210. 

Digeharge  measurements  cfPine  Creek  near  Round  V alley,  CcH.,  in  1905. 


Date, 


Hydrographer. 


Jaonaiyie R.  J.  Taylor. 

Febroary  9 do. 

April  4 '  J.  S.  Evans. 

April  25 j do 

June  27 do 

July  25 1 do 

August  15 

Septembers... 
September  27.. 
November  2 . . . 


do 

....do 

....do 

F.  R.  S.  Buttemer. 


NoTHnber  24 do. 

DtconberlO... do. 


Width. 

Area  of 
section. 

Mean 
velocity. 

Feet. 

Sq.ft. 

Ft.  per  sec. 

20 

15.2 

0.88 

20 

15.2 

.67 

8 

10.4 

.19 

10 

8.8 

.66 

27 

2.8 

2.61 

19 

16.1 

1.43 

18 

10.8 

.67 

17 

9.2 

.73 

17 

8.1 

.77 

17 

19.7 

.44 

18 

18.2 

.42 

18 

18.4 

.41 

Gage  Dis- 

hoignt.  I  charge. 


Feet. 
1.91 
1.86 
1.80 
1.70 
2.90 
2.05 
1.80 
1.75 
1.78 
1.83 
1.85 
1.82 


Sec.-ft. 
13.3 
10.2 
2.0 
5.8 
73 
23 
7.2 
6.7 
6.2 
8.7 
V  7.7 

7.6 
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DaUy  gage  height,  in  feet,  of  Pine  Creek  near  Rawid  Valley,  CaL.,for  1906, 


Day. 


K. 
2.. 
3. 
4. 

5. 

6. 

7.. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17.. 
18.. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28.. 
29. 
30.. 
31., 


Jan. 

Feb. 

Mar. 

Apr. 
1.8 

May. 

June. 

July. 

Aug. 

Sept.  I 

Oct. 

Nov. 

IM. 

2.2 

2.2 

1.8 

1.8 

1.9 

2.9 

1.8 

1.7    ' 

1.8 

1.8 

l.S 

2.15 

2.0 

1.8 

1.8 

1.8 

1.9 

2.9 

1.7 

1.8 

1.8 

IS 

2.1 

2.0 

1.8 

1.8 

1.75 

1.9 

2.85 

1.7    , 

1.8 

1.8 

1.9 

1.95 

1.9 

1.8 

1.8 

1.75 

1.9 

2.8 

1.7  : 

1.85 

1.8 

U 

1.95 

1.9 

1.8 

1.8 

1.75 

1.95 

2.8 

1.7    ! 

1.85 

1.85 

1.9 

1.95 

1.8 

1.8 

1.8 

1.7 

1.95 

2.8 

'-'  1 

1.85 

1.85 

1.9 

1.9 

1.8 

1.8 

1.75 

1.7 

2.05 

2.9 

1.7    ! 

1.85 

1.85 

1.9 

1.9 

1.85 

1.8 

1.75 

1.7 

2.1 

2.95 

1.65  1 

1.85 

l.Ki 

1.9 

1.9 

1.85 

1.8 

1.75 

1.7 

2.45 

XO 

1.8 

1.6 

1.85 

1.8 

1.5 

1.8 

1.85 

1.75 

1.75 

1.7 

2.7 

3.0 

1.8 

1.65 

1.8 

1.8 

l.S 

1.8 

1.85 

1.75 

1.8 

1.75 

2.6 

2.9 

1.75 

1.65' 

1.8 

1.8 

l.ij 

1.8 

1.85 

1.8 

1.8 

1.8 

2.8 

2.85 

1.7 

1.65 

1.7 

1.8 

1.85 

1.75 

1.85 

1.8 

1.8 

1.8 

3.3 

2.8 

1.65 

1.75 

1.8 

l.s 

1.75 

1.85 

1.8 

1.8 

1.8 

3.3 

2.7 

1.7 

1.65 

1.75 

1.8 

l.h 

1.75 

1.85 

1.8 

1.8 

1.75 

3.3 

2.6 

1.7 

1.6 

1.8 

1.8 

l.s 

1.8 

1.8 

1.85 

1.8 

1.75 

3.3 

2.5 

1.6 

1.8 

1.8 

U 

1.8 

1.8 

1.85 

1.8 

1.75 

3.25 

2.4 

1.7 

1.65 

1.8 

1.8 

\.i> 

1.8 

1.85 

1.85 

1.75 

1.75 

3.2 

2.45 

1.75 

1.65 

1.85 

1.8 

l.ft 

1.8 

1.85 

1.8 

1.75 

1.75 

3.2 

2.5 

1.75 

1.7 

1.85 

1.8 

I.S 

1.85 

1.8 

1.8 

1.75 

1.8 

3.1 

2.5 

1.75 

1.7 

1.85 

1.8 

1.S 

2.0 

1.8 

1.8 

1.75 

1.9 

3.1 

2.1 

1.75 

1.75 

1.85 

1.8 

l.s 

2.0 

1.8 

1.8 

1.7 

1.9 

3.1 

1.95 

1.75 

1.8 

1.85 

1.8 

l.h 

1.9 

1.8 

1.8 

1.7 

1.9 

3.0 

1.95 

1.75 

1.8 

1.85 

1.8 

l.s 

1.9 

1.8 

1.8 

1.7 

2.0 

2.9 

2.0 

1.8 

1.85 

1.85 

I.^ 

1.9 

1.&5 

1.8 

1.7 

2.0 

2.9 

2.0 

1.8    , 

1.85 

1.85 

l.s 

1.9 

1.85 

1.8 

1.7 

2.0 

2.9 

2.0 

1.8 

1.85 

1.85 

l.i 

1.9 

1.8 

1.8 

1.7 

2.0 

2.9 

2.05 

1.8    1 

1.8 

1.85 

u 

1.9 

1.8 

1.75 

1.75 

1.95 

2.9 

2.05 

1.8    1 

1.8 

1.8 

1.^ 

1.9 

1.75 

1.75 

1.9 

2.9 

2.0 

1.8    • 

1.8 

1.8 

l.s 

1.85 

1.75 

1.75 

1.8 

2.9 

2.0 

1.8    1 

1.8 

1.8 

u 

1.85 

1.8 

1.85 

1.9 

1 

1.8 

1 

hb 

Station  rating  table  for  Pine  Creek  near  Round  Valley,  Cal.,from  August  4,  1903,  to  Decem- 
ber 31,1905. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

height. 

li 
Discharge.  | 

Gage 
height. 

Discharge. 

Feet. 

Second-feet.^ 

Feet. 

Second-feet.\ 

Feet. 

Second-feet.  \ 

Feet. 

Second-feet. 

1.60 

1     1 

2.10 

23    1 

2.60 

52    !, 

3.10 

95 

1.70 

4    1 

2.20 

28 

2.70 

59 

3.20 

106 

1.80 

8    ' 

2.30 

33 

2.80 

67    l! 

3.30 

119 

1.90 

13    1 

2.40 

39    1 

2.90 

75    ; 

2.00 

18 

2.50 

45    1 

3.00 

85    Ij 

Note.— The  above  table  is  based  on  20  discharge  measurements  made  during  1903-1905.  It  la  i^^^ 
well  defined  between  gage  heights  1.7  feet  and  3  feet.  The  table  has  been  extended  beyond  these  lim'^ 
being  based  on  one  measurement  at  3.7  feet. 
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Egiimaied  monthly  discharge  of  Pine  Creek  Tiear  Round  Valley,  Ogl.,for  1905. 


Month. 


J&nu«.ry 

February . . . 

March 

April 

May 

June 

July 

Aogust 

September. . 
October.  .. 
November., 
December.. 


The  year. 


Discharge 

In  second-feet, 
inlmum.      Mean. 

Total  in 

Maximum. 

M 

acre-feet. 

28 

6 

12.7 

781 

28 

8 

10.  G 

589 

10 

6 

7.9 

486 

8 

4 

6.5 

387 

18 

4 

9.0 

553 

119 

13 

68.1 

4,052 

85 

13 

47.9 

2,945 

8 

4 

4.8 

295 

8 

1 

4.6 

274 

10 

4 

8.7 

535 

10 

8 

8.5 

506 

13 

8 

9.5 

584 

119 

1 

16.6 

11,990 

OWEirS  KIVBR  OAHAL  KEAB  BISHOP,  CAL. 

This  statioD  was  established  August  5,  1903,  by  J.  C.  Clausen  and  R.  S.  Ilawley.  It  is 
located  at  the  footbridge  near  the  quarter-section  line  which  divides  the  north  half  of  sec.  27, 
T  6  S..,  R.  32  E.,  of  the  Mount  Diablo  meridian. 

TTie  channel  is  straight  for  300  feet  above  and  100  feet  below  the  station.  The  current  is 
sluggish.  The  right  bank  is  high  and  rocky  and  will  not  overflow.  The  left  bank  Is  low  and 
win  overflow.    The  bed  of  the  stream  is  composed  of  gravel  and  is  permanent. 

Dischaige  measurements  are  made  from  the  footbridge.  The  initial  point  for  soundings 
b  on  right  bank  of  the  canal. 

The  gage  is  a  vertical  rod  nailed  to  the  bridge.  No  regular  observer  cxmld  be  obtained, 
but  the  ditch  tender  reads  the  rod  when  passing  the  station. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Paper 
of  the  United  States  Geological  Survey: 

Deecription:  100.  pp  209-210;  134,  p  211. 
Discharge:  100.  p  210;  134,  p  211. 
Discharge,  monthly:  134,  p  213. 
Gage  heights:  100,  p  210;  134,  p  212. 
Rating  table:  Ui,  p  213. 

Discharge  measurements  of  Owens  River  Canal  near  Bishop,  Cal.,  in  1905. 


Date. 

Hydrographer. 

Width. 

Feet. 
11.5 
11 

14.5 
15.0 
14.5 
14.5 
14 

14.5 
15 
14.5 
12 
13 

Area  of 
section. 

Mean 
velocity. 

Cage 
height. 

Feet. 
1.55 
1.49 
2.40 
2.77 
2.78 
2.62 
2.30 
2.75 
2.  CO 
2.38 
1.50 
1.63 

Dis- 
charge. 

January  10 

February  4 

R.  J.  Taylor 

Sq.ft. 
4.9 
4.1 

16.4 

22 

24 

21 

16.8 

23 

19.6 

19.3 
5.6 
6.6 

Ft.  per  sec. 
0.92 

.80 
1.71 
1.91 
1.79 
1.76 
1.90 
1.87 
1.73 
1.45 

.95 

... 

Sec.-ft. 
4.5 

..do 

3.3 

April  6 

J.  .S.  Evana 

28 

April  24 

do                  

42 

SUy  12. 

.do 

43 

June  I 

....do 

38 

July7 

do... 

32 

AogOBt  4 . . 

.do 

43 

September  11 . . 

..    .do 

M 

October  24 

F.  R.  8.  Buttemer 

28 

Notember  22 

do 

5.3 

I>«eember  13 

..do 

7.7 

IRR  17' 

r— 06 6 

Uigiti 

^ed  by  Lj( 

30Qle 
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DaUy  gage  height,  in  feet,  qf  Owens  River  canal  near  Bishop,  Cal.,  for  1905, 


Day. 

Apr.  j  May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

0.0 

.0 

.0 

2.4 

2.7 

2.7 
2.7 
2.7 

2.65 
2.65 
2.6 
2.6 

2.65 

2.7 

2.65 

2.7 

2.55 

2.55 

2.55 

2.55 

2.5 

2.5 

2.5 

2.55 

2.55 

2.55 

2.55 

2.55 

2.65 

2.55 

2.65 

2.55 

2.65 

2.55 

2.55 

2.55 

2.55 

2.55 

2.65 

2.55 

2.65 

2.66 

2.65 

2.55 

2.65 

2.65 

2.65 

2.55 

2.6 

2.65 

2.7 

2.7 

2.65 

2.65 

2.7 

2.7 

2.7 

2.7 

2.7 

2.75 

2.7 

2.8 

2.75 

2.8 

2.75 

2.8 

2.75 

2.8 

2.85 

2.9 

2.85 

2.86 

2.9 

2.9 

2.5 

2.6 

2.6 

2.5 

2.5 

.0 

.0 

.0 
2.6 
2.6 

.0 

.0 
2.6 
2.6 
2.8 
2.85 
2.85 
2.9 
2.95 
2.55 

2.55 
2.56 
2.55 
2.65 
2.55 
2.75 
2.8 
2.8 
2.8 
2.8 
2.75 
2.8 
2.8 
2.8 
2.75 
2.8 
2.75 
2.6 
2.6 
2.6 
2.6 
2.6 
.  2.6 
2.6 
2.65 
2.65 
2.7 
2.65 
2.5 
2.8 

2.8 

2 

2.8 

3 



2.8 

' 

5 

2.8 

2.8 

6 

2.7 
2.7 
2.65 

2.7 

2.75 

7 

2.75 

8 

2.8 

9 

2.8 

10 

2.5 
2.7 
2.8 
2.8 

2.8 

11 

2.7 

12 

2.7 

13 

2.7 

14 

2.75 

16 

2.75 

2.8 

2.75 

2.75 

2.7 

2.75 

2.75 

2.7 

2.66 

2.65 

2.7 

2.7 

2.75 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

2.8 
2.8 

27 

28 

29 

30 

2.65 

2.7 
2.7 

31 

BISHOP  OBSEX  OAKAL  HBAB  BISHOP,  OAL. 

This  station  was  established  August  5, 1903,  by  <T.  C.  Clausen,  assisted  by  R.  S.  Hawley.  It 
is  located  at  the  footbridge  below  the  waste  gate  near  the  house  of  A.  Fitzgerald,  3J  miles 
northwest  of  Bishop,  Cal. 

The  channel  is  straight  for  50  feet  above  and  100  feet  below  this  station.  The  current 
is  swift.  The  right  bank  is  high  and  the  left  bank  is  low.  Neither  bank  is  liable  to  over- 
flow.   The  bed  of  the  stream  is  composed  of  sand  and  gravel  and  is  fairly  permanent. 

Discharge  measurements  are  made  from  the  footbridge.  The  initial  point  for  soundings 
is  on  right  bank. 

The  gage  is  a  vertical  rod  fastened  to  the  bridge  anchor. 

Infonnation  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  100,  pp  210-211;  134,  p  214. 
Discharge:  100,  p  211;  134,  p  214. 
Discharge,  monthly:  134,  p  216. 
Oage  heights:  100,  p  211;  134,  p  215. 
Rating  table:  134,  p  216. 
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Discharge  measurementa  of  Bishop  Creek  cancH  near  Bishop,  Cd.,  in  1906. 


Date. 


Hydrognpher. 


Bfarch  17 R.  J.  Taylor 

April  6 J.  S.  Evaas 

April  24 \ do 

May  12 do 

Jane  I \ do 

July? i do 

August  4 ' do , 

September  11  .J do , 

October  24 |  F,  R.  S.  Buttemer. , 

Novonber  22 do 

December  13... do , 

December  21 do , 


Width. 


Feet. 
15 
16 
16 
16 
16 
16 
16 
16 
16 
13 
13 
14 


Area  of  |     Mean 
section,     velocity. 


Sq.ft. 

10.1 

30 

47 

49 

60 

44 

51 

44 

26 
4.6 
5.1 

15.6 


Ft.  per  sec. 

0.84 

2.07 

2.23 

2.20 

2.08 

1.76 

2.39 

2.20 

1.^2 

.30 

.31 

.79 


Oage  Dis- 

height.      charge. 


Feet. 
1.40 
2.80 
3.81 
3.95 
4.00 
3.70 
4.10 
3.85 
1.92 
1.05 
1.06 
1.21 


8ec.-ft. 
8.5 
62 
105 
106 
105 
77 
122 
97 
29 
1.8 
1.6 
12.4 


DaHy  gage  height,  in  feet,  cf  Bishop  Creek  canal  near  Bishop,  Col.,  for  1906. 


Day. 

'Aug. 

1 

;i 
Sept. II        Day. 

Aug. 

8ept.|        Day. 

Aug. 

1, 
Sept.;        Day. 

Aug. 

Sept 

1 1                      .1     9 

3.9 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 

3.5  j  17 

3.5 
3.5 
3.5 
3.5 

2.9 
2.9 
2.9 
2.9 
2.9 
2.9 

^ 

1 
4.0 

J 

1 

'.C.'.'.'. 

.'    3.9 
.J    3.9 

! 

4.0 
4.0 

10 

3.5  1  18.     ... 

1  ^ 

,  26 

1 

4.0 

11 .. 

3.5      19 

1  ^ 

t  27 

1 

12 

3.5  '  20 

1       

28 

1 

4.0 
3.5 
3.5 
3.5 

13 

3.5  !   21 

'29 

1 

14 

3.5   '  22 

3.5 

30 

15 

3.5   '  23 

2.9 

31      

16 

3.5   !  24 

3.5 

'1 

FABMEB8'  OAKAL  HSAB  BISHOP,  GAL. 

T\da  st&tion  was  established  August  6,  1903,  by  J.  C.  Clauseu  and  R.  S.  Hawley.  It  is 
located  at  the  footbridge  near  the  house  of  Robert  Love  and  3  miles  north  of  Bishop,  Cal. 

The  channel  is  straight  for  300  feet  above  and  50  feet  below  the  station.  The  current  is 
sluggish.  Both  banks  are  low  and  are  liable  to  overflow.  The  bed  of  the  stream  is  sandy 
and  shifting. 

Discharge  measurements  are  made  from  the  footbridge,  to  which  the  gage  is  attached. 
The  initial  point  for  soundings  is  on  the  footbridge,  near  the  right  bank. 

The  gage  is  a  vertical  rod  fastened  to  the  bridge  pier. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  100,  pp  211-212;  134,  p  216. 
Discharge:  100,  p  212;  134,  p  217. 
Discharge,  monthly:  134,  p  219. 
Oige  heights:  100,  p  212;  134,  pp  217-218. 
HtUsg  table:  134,  p  219. 
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Discharge  measuremerUs  of  Farmers'  canal  near  Bishop ^  CcH.y  in  190S. 


Date. 


Hydrographer. 


T 


January  10 

February  4 

March? 

April  6 

April  24 

May  12 

June  1 

July? 

August  4 

September  11.. 
November  22 . . 
December  13... 


R.J.  Taylor 

do 

do 

J.  8.  Evans 

do 

....do 

do 

....do 

....do 

....do , 

F.  R.  8.  Buttemer. 
....do 


Width. 


Area  of        Mean 


Oage 


Di»- 


Feet. 
13 
13 
10 
10.5 
10 
10.5 
10.5 
9.6 
10 
10.5 
10.5 
10.6 


section,     velocity,     height,     chargp. 


Sq.  ft.    ^Ft.  per  sec.      Feet. 


9.0 
9.4  I 
16.8  I 
12.8  I 
8.4 


0.09  , 

.?4  I 

l.?9  j 

1.47  ' 

.64 


12.8 

1.16 

14.6 

1.37  1 

15.4 

1.56  ' 

9.0 

.53 

15.? 

1.04 

10.8 

.70 

10.8 

.59 

2.20 
2.16 
J.  90 
2.55 
2.30 
2.60 
2.60 
2.75 
2.00 
2.65 
2.35 
2.36 


Sec.-fl. 
6.2 
7.0 
30 
1S.J 

5.^ 

H.9 

20 

24 

4.8 
16.4 

:.« 

6.4 


Daily  gage  height ,  in  feet,  of  Farmers*  canal  near  Bishop  ^  Cdl.,for  1905. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

1 1 

1 

2.5 

2 1 

'   2.8 

1 

2.7 

3 

2.2 

2.15 
2.16 

3.0 
2.9 

2.6 

4 

2.65 
2.55 

2.5 

6 ' 

2.8 
j 

6 

2.2 

2.7 

7   .              .... 

2.9 

2.75 

8 ' - 

2.6 

9 

2.2 
1   2.2 

2.9 

'   2.6 

1 

2.75 

10                      .  . 

1 

11 

2.15 

1.8 

2.6 

12 

2.6 
2.6 

2.9 

2.7 

13                             -  - 

14 

2.2 

2.15 

3.0 

1.7 

2.65 

15 

2.6.^ 

16                    .  .     -.  

2.65 

2.95 

17 

2.15 



2.9 



18 

1.1 

2.6 

2.55 

19    .         .       

2.95 

20 

2.15 

2.8 

21 

1 

2.6 

2.2 

22 

1.2 

2.3 
2.3 

23 

1 

2.75 

2.95 

2.7 

' 

24 

25   .       

2.15 

1 

^ 

2.6 

2.65 

26 

2.9 

2.65 

27                    

2.7  ' 

28    

2.15 

1   2.75 

2.7 

2.55  j 

29 

30 

1 

2.9 

2.6 

1 

31 

2.15 

2.75 

1 

1 

'      1 
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lleHAIXT  OAKAL  HSAB  BISHOP,  OAL, 

Das  station  was  established  July  31,  1903,  by  J.  C.  Clausen  and  R.  S.  Hawley.  It  is 
located  at  the  head  of  the  canal,  3f  miles  north  of  Bishop,  Cal. 

The  channel  is  strai^t  for  50  feet  below  the  gage.  The  current  is  swift.  Both  banks 
are  hi^  and  will  not  overflow.    The  bed  of  the  stream  is  rocky  and  permanent. 

IMschai^  measurements  are  made  from  a  footbridge.  The  initial  point  for  soundings 
is  marked  on  the  footbridge,  near  the  right  bank. 

The  gage  is  a  vertical  board  fastened  to  the  headworks  of  the  canal.  No  gage  reader 
could  be  obtained  for  this  station,  but  since  the  gage  was  installed  there  has  been  little 
variation  in  the  amount  of  water  flowing  in  the  canal. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  .United  States  Geological  Survey: 

Deflcription:  100,  p  213;  134,  pp  21^-230. 
Discharge:  100,  p  213;  134,  p  220. 
Discharge,  monthly:  134,  p  221. 
Oage  heights:  134,  pp  220-221. 
Rating  tahle:  134,  p  221. 

Discharge  measurements  ofMcNaUy  canal  near  Bishop  ^  CaL,.,  in  1905. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

March  17 

April6 

April  24 

R.  J.  Taylor 

Feet. 
20 
20 
21 
21 
21 
22 
22 
21 
21 

Sq.ft. 
11.2 
14.2 
18.2 
21 
25 
32 
32 
23 
17.5 

Ft.  per  sec. 
1.06 
1.76 
2.00 
2.05 
2.23 
2.60 
1.66 
2.17 
1.14 

Feet. 

0.60 

.70 

1.00 

1.05 

1.10 

1.30 

1.50 

1.10 

.70 

.10 

Sec.-ft. 
11.9 

J.  8.  Evans 

25 

do 

38 

May  12 

do 

43 

June  1 . . . 

.do 

56 

July  7 

.  ..do 

86 

August  4 

do 

53 

September  11 . . 

do 

50 

NoTember  22  . 

F.  R.  S.  Buttemer 

20 

December  13  <>.. 

do 

0 

a  Headgate  shut  down;  no  water  in  canal. 
OEOKOE  C0LLIK8  OAKAL  HSAB  BISHOP,  OAL. 

This  station  was  established  August  17, 1903,  by  R.  S.  Hawley.  It  is  located  at  the  foot- 
bridge 3  miles  east  and  one-half  mile  north  of  Bishop,  Cal. 

The  channel  is  straight  for  75  feet  above  and  for  50  feet  below  the  station.  The  current 
is  sluggish.  The  right  bank  is  low  and  the  left  bank  is  high.  Neither  bank  is  liable  to 
overflow.    The  bed  of  the  stream  is  composed  of  sand  and  is  fairly  permanent. 

Discharge  measurements  are  made  from  the  bridge.  The  initial  point  for  soundings  is 
marked  on  the  footbridge  near  the  right  bank  of  the  canal. 

The  gage  is  a  vertical  rod  fastened  to  the  bridge  near  the  house  of  Arthur  Wines. 

Information  in  regard  to  this  station  is  contained  in  the  follq»dng  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  100,  p  213;  134,  p  222. 
Discharge:  100,  p  214;  134,  p  222. 
Discharge,  monthly:  134,  p  225. 
Oa«e  heights:  100,  p  214;  134,  pp  223-224. 
Rating  table:  134,  p  224. 


Digitized  by  LjOOQIC 


62 


8TBEAM   MEA8UBEMENT8   IN   1905,  PABT   Xni. 


Discharge  measwremenis  ofOeorge  CoUins  canal  near  Bishop ,  Cal.^  in  1906, 


Date. 


Hydrographer. 


Width. 


Area  of 
section. 


Mean 
velocity. 

Gt£e 
heiSt.  1 

Ft.perMc. 

Feet.     1 

1.12 

1.10 

1.13 

1.35 

.71 

1.00 

.ftSc 

1.00 

.50 

.60 

.57 

.60 

.65 

.50 

1.00 

.66 

.50 

.78 

.65 

.82 

.53 

.80 

Dio- 


May2, 

May  25 

June  28 

July  26 

August  9 

September  5... 
September  14.. 

Octobers 

October  25 

November  23.. . 
December  11... 


J.  S.  Evans 

do 

do 

do 

....do 

....do 

....do 

....do 

F.  R.  8.  Buttemer. 

....do 

....do 


Feet. 
11 
14 

11.5 
11.5 
11.5 
12 
11.6 
12 
11 

11.5 
10.7 


Sq.ft. 

ia8 

13 
7.3 
0.1 
8.0 
8.4 
8.0 
8.8 
5.8 
5.2 
4.7 


8ec.-ft, 
12.1 
14 
5.2 
5.9 

.  <-0 
4.8 
5.2 
8.8 
3.4 
3.4 
2.5 


Daily  gage  height ,  in  feet ,  cf  George  Collins  canal  near  Bishop,  Cal.,for  1906. 


Day. 


May 


\ju 


1 

2 

1 
-    J     0.9 

3 i 

4 

0 

5 i 

6 1 

7 

1    ,n 

8 :::i.:::. 

9 

1      « 

10 ::::i.::. 

11 

.._l     .« 

12 ' 

13 1 

14 1      .8 

1 
15 1     1.0 

16 

...J    1.0 

I  0.9 
I  1.0 
I     1.0 


1.0 
1.0 
1.2 
1.5 
1.5 
1.4 
.8 
1.5 
1.6 
1.6 
1.4 
1.4 


July.]  Aug. 

I 

0.8 

.8 


0.8  , 


....|      .5 

•«| 

.9        .5 


1.4         .5 
I      .5 

'''\ 


1.4 


I 


.8 


1.4  I 


1.2  |. 


Sept. 


0.8 

.8 


1.2 
1.2 


1.2 


Oct.  I 


Day. 


1.0 
.9 


I" 

18 

1  1» 

20 

1^^ 

22 

'  23 

I  24 

I  25 

I  28 

27 


May. 


1.0 
1.0 
1.0 
1.0 


1.0 


June, 

1.4 
1.5 
1.4 


1.0 
1.0 


.9 
.9 
1.0 


July. 
1.2 


1.0 
1.0 


Aug.  I  Sept. 


0.9  ! 

.9       1.2 


1.2 
1.1 


1.1 
1.1 


1.0 
1.0 


.9        .9  ' 


Note.— Water  shut  off  October  6  to  December  31. 

BISHOP  OEESK  HEAR  BISHOP,  OAL. 

This  station  was  established  August  10,  1903,  by  J.  C.  Clausen  and  R.  S.  Hawley.  It  is 
located  at  the  wagon  bridge  on  the  Bishop  road  about  4^  miles  from  Bishop  and  about  2 
miles  from  the  point  where  the  creek  leaves  the  canyon.  North  Hillside  canal.  South  Hill- 
side canal,  and  Powers  canal  are  taken  out  above  the  station. 

The  channel  is  straight  for  100  feet  above  and  for  50  feet  below  the  station.  The  current 
is  swift.  Both  banks  are  high  and  rocky  and  are  not  liable  to  overflow.  The  bed  of  the 
stream  is  rough  and  rocky  and  is  permanent. 

Discharge  measurements  are  made  from  the  wagon  bridge.  The  initial  point  for  sound- 
ings is  marked  on  the  bridge  near  the  right  bank  of  the  stream. 

The  gage  is  a  vertical  rod  fastened  in  the  rocks  and  braced  to  the  right  bank  just  above 
the  wagon  bridge.  During  1905  the  gage  was  read  once  each  day  by  A.  S.  Kilpatrick- 
The  bench  mark  is  a  lai^  flat  granite  bowlder  on  the  right  bank  40  feet  above  the  bridge. 
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Infonnation  in  regard  to  this  station  is  contained  in  the  foUowing  Water-Supply  Papers 
<rf  the  United  States  Geological  Survey: 

DescripUon:  100,  pp  214-215;  134,  p  225. 
Discluu^:  100,  p  215;  134,  p  226. 
DiaehATge,  monthly:  134,  p  228. 
Gage  heights:  100,  p  215;  134,  pp  226-227. 
Rating  Uble:  134.  p  228. 

Discharge  measurements  of  Bishop  Creek  near  Bishop y  Cal.f  in  1905, 


Date. 


Hydrographer. 


January  11 R.J  Taylor 

Februarys ' do 

March  4 1 do 

Aprils I  J.  S.  Evans 

April  18 1 do 

Mays ,..j do 

Juiie21 ' do 

July  10. I do 

July  27. do 

August  10. do 

September  7...' do 

September  22..' do 

October  25 '  F.  R.  8.  Buttemer. 

November  23.. . ' do 

December  11 ...  I do 

D«ember21...| do 


1 


Width. 

Feet. 
16 
16 
16 
16 
16 
16 
19 
18 
17 
16 
16 
16 
15 
16 
16 
14 


Area  of 
section. 


8q.fl. 
22 
24 
23 
20 
22 
34 
63 
61 
44 
37 
28 
24 
25 
19.6 
22 
15.6 


Mean 
velocity. 


Ft.  per  sec. 
1.18 
1.25 
1.35 
2.10 
1.50 
2.76 
6.21 
5.54 
4.01 
3.35 
2.07 
1.91 

.84 
1.22 
1.06 

.79 


Oa«e 
height. 

Feet. 
1.40 
1.55 
1.55 
1.65 
1.57 
2.30 
3.80 
3.60 
2.75 
2.50 
2.00 
1.80 
1.35 
1.52 
1.67 
1.21 


Dl»- 
charge. 

Sec.-ft. 

26 

30 

31 

42 

33 

94 

391 

338 

178 

124 

58 

46 

21 

24 

23 

12.4 
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STREAM   MEASUREMENTS   IN   1905,  PART   XIII. 


DaUy  gage  height,  in  feet,  of  Bishop  Creek  near  Bishop,  Cal.,for  1905. 


Day. 

Jan. 

1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.45 
'  1.45 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.45 
1.45 
1.45 
1.5 
1.5 
1.45 
1.45 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.45 
1.45 
1.45 

Feb. 

1.5 
1.5 
1.45 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.55 
1.5 
1.5 
1.45 
1.45 
1.45 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.5 
1.5 
1.5 
1.5 
1.5 
'     1.5 

Mar. 

1.55 

1.55 

1.5 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.65 

1.65 

1.7 

1.7 

1.7 

1.65 

1.65 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.75 

1.75 

1.8 

1.8 

1.8 

1.8 

1.8 

Apr. 

May. 

June. 

July. 



3.4 
3.3 
3.2 
3.3 
3.3 
3.3 
3.4 
3.4 
3.5 
3.6 
3.7 
3.7 
3.6 
3.2 
3.0 
2.8 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 
2.6 
2.6 
2.7 
2.7 
2.8 
2.8 
2.7 
2.6 
2.5 

Aug. 

2.5 

2.3 

2.3 

2.3 

2.2 

2.2 

2.2 

2.3 

2.4 

2.5 

2.6 

2.5 

2.4 

2.35 

2.3 

2.2 

2.2 

2.2 

2.2 

2.2 

2.3 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.1 

2.1 

2.1 

2.0 

Sept. 

2.1 
2,1 
2.1 
2.0 
2.0 
1.9 
1.8 
1.9 
1.9 
1.9 
1.8 
1.7 
1.8 
1.8 
1.7 
1.7 
1.9 
1.8 
1.9 
1.8 
1.9 
1.8 
1.8 
1.9 
1.9 
1.9 
1.9 
1.8 
1.8 
1.7 



Oct. 

Nov.  1 

Dec 

1 

1.8 

1.8 

1.75 

1.75 

1.76 

1.8 

1.8 

1.8 

1.75 

1.75 

1.7 

1.7 

1.7 

1.75 

1.75 

1.75 

1.75 

1.7 

1.7 

1.7 

1.7 

1.7 

1.8 

1.8 

2.0 

2.4 

2.4 

2.5 

2.5 

2.5 

2.5 
2.5 
2.5 
2.3 
2.3 
2.1 
2.1 
2.1 
2.0 
2.0 
2.0 
2.1 
2.1 
2.1 
2.2 
2.2 
2.5 
2.5 
2.6 
2.7 
2.5 
2.5 
2.5 
2.6 
2.6 
2.6 
2.7 
2.8 
2.8 
2.8 
2.8 

2.9 
2.9 
2.9 
2.9 
3.0 
3.1 
3.3 
3.4 
3.3 
3.4 
3.5 
3.6 
3.6 
3.6 
3.7 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.7 
3.6 
3.3 
3.3 
3.2 
3.2 
3.2 
3.3 

1.9  1 

1.9' 

1.8' 

1.9 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.7 

1.7 

1.7 

1.7 

1.6 

1.6 

1.6 

1.6 

1.5 

1.5 

1.5 

.5 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.5 
1.5 
1.4 
1.4 
1.5 
1.5 
1-4 
1.5 
1.4 
1.5 
1.5 
1.6 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.6 
1.6 

L5 

2 

L4 

3 

L5 

4 

1.4 

5 

1.4 

6 

L5 

7 

1.5 

8 

1.5 

9 

1.5 

10 

1.4 

11 

M 

12. 

1.5 

13 

l.S 

14 

1.5 

16 

1.5 

16 

1.5 

17 

1.4 

18 

1.4 

19 

1.5 

20 

1.5 

21 

1.4 

22 

23 

24 

25 

26 

27 

28 

1.5 
1.4 
1.5 
1.4 
1.4 
1.5 
1.5 

29 

30 

31 

1.6 
1.7 
1.6 

Note.— Gage  heights  interpolated  Febniary  17-19. 


Station  rating  table  for  Bishop  Creek  near  Bishop,  Cat.,  from  January  1  to  December  11,  1905. 
hoigll   '""Charge;:  .^-''^l^   !  Discharge/    ,«»f^.    IlMschargo.      ^^    i  Discharge. 


Feet.      Second-fert:      Feet.     ^Second-fret       Feet.      Secomi-feet. 


1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 


21     ' 

2.10 

27 

2.20 

33 

2.30 

40 

2.40 

48     1 

2..'iO 

56 

2.60 

65 

2  70 

74 

84 
05 
108 
122 
1:^7 
153 


2.80 
2.90 
3.00 
3.10 
3.20 
.^.30 
3.40 


170 
188 
206 
225 
245 
267 
290 


Feet. 
3.50 
3.60 
3.70 
3.80 


Second-feet, 
I  314 

339 
365 
391 


I 


Note.  -The  above  table  is  ba,sed  on  14  discharge  measurements  made  during  1905  and  some  older 
measurements.  Jt  is  not  very  well  defined.  This  table  does  not  apply  later  than  December  11,  as  con- 
ditions were  changed  at  the  station. 
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EsHmaied  monthly  discharge  of  Bishop  Creek  near  Bishop y  CaL-^for  1906. 


January 

Febniary 

March 

April .... 

May 

Jane 

Jnly 

August 

September 

October 

November 

December  1-11. 


Month. 


The  period. 


Discharge  in  second-feet. 


Total  in 


Maximum. 

Minimum. 

Mean. 

acre-feet. 

27 

21 

22.5 

1,384 

30 

21 

25.2 

1,400 

48 

27 

38.2 

2,349 

122 

40 

56.6 

3,368 

170 

65 

113 

6,948 

391 

188 

299 

17,790 

365 

122 

215 

13,220 

137 

65 

92.1 

5,663 

74 

40 

53.6 

3,189 

56 

21 

36.1 

2,220 

33 

21 

25.6 

1,523 

27 

21 

24.3 

530 

59,580 


RAW80K  OANAL  NEAR  BISHOP,  GAL. 

"Riis  station  was  established  August  7, 1903,  by  R.  S.  Hawley.  It  is  located  at  the  county 
bridge  2)  miles  east  of  Bishop,  Cal. 

The  channel  is  straight  for  100  feet  above  and  below  the  station  and  the  current  is  swift. 
The  right  bank  is  high  and  the  left  bank  is  low.  Neither  bank  is  liable  to  overflow.  The 
bed  of  the  stream  is  compK>sed  of  gravel  and  is  permanent. 

Discharge  measurements  are  made  from  the  bridge.  The  initial  point  for  soundings  is 
marked  on  the  bndge  neai  the  right  bank  of  the  canal. 

The  gage  is  a  vertical  rod  fastened  to  the  bridge.  During  1905  the  gage  was  read  by 
W.  P.  Parker. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey : 

Description:  100.  pp  215-216;  134,  p  229. 
Discharge:  100,  p  216;  134,  p  229. 
Discharge,  monthly:  l.'J4,  p  231. 
Gage  heights:  100.  p  216;  134,  pp  230-231. 
Rating  table:  134,  p  231. 

Discharge  measurements  of  Rawson  canal  near  Bishop ^  Cal.,  in  1906, 


Date. 


Hydrographer. 


Utreh  14 . 
April  1... 
April  17.. 

May2 

May  25   .. 


R.  J.  Taylor. 
J.  8.  Evans.. 

do 

do 

do 


Jane  28 do. 

July  26 ' do. 

August  9 do. 

SeptemherS...' do. 

September  14..  I do. 

Octobers do 

October  25... 
NoTember  23 
December  11. 


F.  R.  S.  Buttemer. 

....do 

....do 


Width. 

1 

Feet. 
17  ' 
17 
17 
17 
17 
17 
14 
17 
16 
17 
17 
7 
6 
7 


Area  of 
section. 


Sq.ft. 
13.2 
13.3 
10.6 
16.3 
17.4 
14.8 

6.4 
14.6 

9.8 

lai 

15.2 
4.2 
1.6 
42 


Mean 
velocity. 


Gage 
height. 


Ft.  per  sc. 
1.67 
1.96 
1.59 
1.72 
1.55 
1.22 
.39 
1.00 
.72 
1.05 
1.17 
.29 
.69 
.31 


Feet. 
1.75 
1.85 
1.60 
1.90 
1.90 
1.70 
1.30 
1.55 
1.45  I 
1.60  ! 
1.90  j 
1.05 
1.15  I 
1.08  I 


Dis- 
charge. 

Sec.-ft. 
22 
26 
16.9 
28 
27 
18.1 
2.1 
14.6 
7.0 
10.6 
17.8 
1.2 
1.1 
1.3 
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DaHy  gcLge  height  ^  in  feetf  of  Rawson  canal  near  Bishop ^  (7aZ.,  for  1905, 


Day. 

Mar. 

Apr. 
1.8 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

1.7 
1.7 
1.7 
1.9 

1.9 
1.9 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

!:: 

1.9 
1.9 
1.9 
•  1.9 
1.9 
1.8 
1.9 
1.9 
1.8 
1.8 
1.8 
1.8 
1.8 
1.7 
1.7 
1.7 

1.8 
1.8 
1.8 
1.8 
1.7 
1.9 
1.9 
1.9 
1.8 
1.8 
1.9 
1.8 
1.8 
1.7 
1.0 
.9 
1.4 
1.4 

.6 
.8 
.9 
.9 
.9 
.8 

0.8 
.9 
.9 
.9 
.9 
.8 
.8 
.8 
.8 
.8 
.7 
.7 

■' 
.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.7 

.7 

.7 

.7 



.9 
.9 
.9 

0.9 

.9 

:: 

.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.9 
.9 
.0 

.9 
.9 
.9 

.7 
.7 
.7 
.7 
.7 
1.3 
1.3 
1.3 

1.3 

1.3 

1.3 
1.5 
1.5 
1.5 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.7 
1.7 

l.<* 

2 

1.8 

3 

1.8 
1.8 
1.8 

1.7 
1.7 

1.7 

1.7 

1.7 
1.6 
1.6 
1.6 
1.6 
1.6 
1.7 
1.7 
1.7 

I  <* 

4 

U 

5 

\.> 

6 

1.4 
1.4 
1.5 
1.5 
1.6 
1.6 
1.6 
1.8 
1.8 

1.8 

7 

1.6 

8 

1.4 

9 

1.4 

10 

1.4 

11 

1.4 

12 

1.6 

13 

1.6 

14 

15 

16 

17 

18 

19 

20 ' 

21 

22 

23 

24 

1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 

1.7 
1.7 
1.7 
1.7 
1.7 
1.7 

25 

26 

27 

28 

29 

30 

1.8 
1.8 

31 

Note.— Water  shut  off  January  1  to  March  5  and  October  14  to  December  31. 

A.  0.  ccLLnrs  oasal  ksar  bishop,  gal. 

This  station  was  established  August  7,  1903,  by  R.  S.  Hawley.  It  is  located  at  the 
county  bridge,  3  miles  east  of  Bishop,  Cal. 

The  channel  is  straight  for  100  feet  above  and  50  feet  below  the  station.  The  current 
is  sluggish.  Both  banks  are  high  and  are  not  liable  to  overflow.  The  bed  of  the  stream 
is  sandy  and  shifting. 

nisi'Einr^c  measurements  are  made  from  the  bridge.  The  initial  point  for  soundings  is 
mtirkri]  nil  I  he  foot  log  near  the  right  bank  of  the  canal. 

TIk^  R(4Te  is  a  vertical  rod  fastened  to  the  right  bank  just  above  the  bridge,  from  which 
dJ9t4iori5*^  mi^asurements  are  made.     During  1905  the  gage  was  read  by  W.  P.  Parker. 

InfnrmiUion  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  P^xjrs 
of  fbo  United  States  Geological  Survey: 

tK-^riitlinu;  100,  pp  216-217;  134,  p  232. 
Diacharge:  100,  p  217;  134,  p  232. 
DUchAj^,  monthly:  134,  p  235. 
Offpi*  hMfthts:  100,  p  217;  134,  pp  233-234 
nmmg  table:  134,  p  234. 
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Disdiorge  meaguremtnts  of  A.  0,  Collins  canal  near  BisJuyp,  Cal.,  in  1906. 


Date. 


Hydrographer. 


March  14 \  R.  J.  Taylor.^. 

April  1 i  J.  S.  Evans 

May2 ' do 

Jane  28 ' do 

July  26 ' do 

Aognst  9 do 

Sept«mber5 do 

September  14 . . ' do 

October  3 ' do 


October  K ,  F.  R.  S.  Buttemer. 

November  23 . .  I do 

December  11..., do 


Width. 


Feel. 
11 
8 

11.5 
10. 
10 
10 
10 
10 
10 


10.5 
10 


Area  of 
section. 


Sq.ft. 
12.5 
2.8 
12.8 
10.8 
12.8 
8.8 
6.0 
5.4 
10.4 


7.0 
3.8 


Mean 
velocity. 


Qa 
heis 


Ft.  per  see] 

2.00  I 

.75  1 

1.95  ! 

1.70 

1.44 

1.59 

1.22 

1.20 

1.47 


.70 
.45 


Feet. 
2.90 
2.00 
3.00 
2.75 
2.90 
2.65 
2.38 
2.33 
2.80 


2.25 
1.92 


Dis- 
charge. 


Sec.'ft. 
25 
2.1 
25 
18.4 
18.4 
14.0 
7.3 
6.5 
15.3 
0 

4.9 
1.7 


DaHy  gagt  height^  in  feet y  of  A.  0.  CoUins  canal  near  Bishop ^  Cal.,  for  1906. 


Day. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

2.5 
2.6 
2.7 
2.7 
2.8 
2.8 
2.8 
2.9 
2.9 

ao 
ao 
ao 
ao 

2.9 
2.9 
2.9 
2.9 
2.9 
2.8 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.7 

2.7 
2.7 
2.6 

Aug. 

Sept. 

2.4 

2.6 
2.6 
2.6 
2.6 
2.3 
2.0 
2.0 
2.0 
2.0 
2.0 
2,3 
2.3 
2.3 
2.3 
2.9 
2.9 
2.9 
2.9 
2.9 
2.7 

Oct. 

1 

2.6 
2.6 
2,8 

ao 

..8 
1.8 
1.6 
1.9 
1.9 
1.7 
1.7 
1.8 
1.9 
1.9 
1.9 
1.9 
2.2 
2.3 
2.3 
2.4 

2.5 
2.0 







2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.1 
2.1 

2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.4 

2.4 

2.5 

2 

2.6 

3 

2.5 

4 1 

2.2 

5 

2.2 

6 

3.0 
3.0 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 

2.2 

7 

2.2 

8 

2.2 

9 

2.2 

10 

2.4 
2.4 
2.4 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
3.0 
3.0 
3.0 
2.7 

2.2 

11 

2.3 

12 

2.3 

13 

2.3 

14 

15 

16.... 

17 

18 

19 

2.6 
2.6 
2.6 
2.6 

20 

21 

22 

2.3 

2.3 
2.3 
2.3 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 

23... 

24 

2.6 
2.5 
2.5 
2.5 
2.6 
2.6 
2.6 

1.7 

2.7 
2.7 
2.7 
2.5 
2.5 
2.5 

25 

as... 

2.3 

27.... 

28 

»... 

»... 

31 

1 

1               1 

^<yn.— No  flow  on  days  of  missing  gage  heights. 
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STBEAM   MEASUBEMENTS   IN   1905,  PART    Xin. 


D£IX  OAVAL  HEAR  BISHOP,  GAL. 

This  station  was  established  August  24,  1903,  by  R.  S.  Hawley.  It  is  located  at  t 
flume  3  miles  from  the  head  gate  at  a  point  where  the  canal  crosses  a  slough  in  Sanders's 
field. 

The  channel  is  straight  for  150  feet  above  and  for  200  feet  below  the  station.  The  cur- 
rent is  sluggish  at  all  times. 

Discharge  measurements  are  made  from  a  bridge  across  the  flume.  Hie  initial  point 
for  soundings  is  the  edge  of  the  flume  at  the  right  side. 

The  gage  is  a  vertical  rod  fastened  to  the  flume. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Deacription:  100,  pp  217-218;  134,  p  235. 
Discharge:  100,  p  218;  134,  pp  23^236. 
Discharge,  monthly:  134,  p  237. 
Gage  heights:  lOO,  p  218;  134,  pp  236-237. 

Discharge  meaturtrMtUs  of  DdL  canal  near  Bishop^  Cal.,  in  1905. 


Date. 


Hydrographer. 


Width. 


Area  of 
section. 


Mean 
velocity.  | 


March  10 R.J.Taylor. 

April  14 1  J.  S.  Evans.. 

April  28 do 

May  11 do 

June  26 do 

July6 ' do 

August  2 do 

September  6. do 

September  28 do 


I 


Octol)er30 '  F.  R.  S.  Buttemer. 

November  18 .  .j do 

Decembers ' do 


Feet. 
7.5 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.5 
7.5 
7.3 


Sq.ft 

lai 

7.6  1 
11.8' 
12.5 
11.4 
12.2 


9.1 
6.8 
9.0 
9.7 
4.4 


Ft.  per  sec. 
2.38 
2.16 
1.95 
2.08 
1.93 
1.97 
1.89 
1.85 
1.70 
1.52 
1.71 
.68 


I 


Gage 
hei^t. 


Dis- 
charge. 


Feet. 

8ee.-fl. 

1.40 

24 

1.20 

16.4 

1.35 

23 

1.48 

26 

1.60 

22 

1.70 

24 

1.30 

17.2 

1.31 

16.8 

1.12 

11.6 

1.22 

13.7 

1.35 

16.6 

.62 

3.0 

DaUy  gage  heigJU,  in  feet,  ofDeU  canal  near  Bishop,  Cal.,  for  1906. 


Day.     Feb. 

Mar.  1  Apr. 

Nov.  !  Dec. 

Day. 

Feb. 

Mar. 

Apr. 

Nov. 

Dec 

1 

i   1.3 

'   0.9 

17 

2 

1.4  • 

1 

18 

1.4 



1.35 

3 

19 

4  ..    ..   

-i.v :;::::: 

'    .8 

20 

1.4 

1.3 

5 

21 

6 

1.4 

1    .6 

22 

1.4 

1.3 

7            .  . 

1.4  

•i.v;:::::: 
■■..v;;:::;:: 

1    .6 

'    .6 

23 

8          

24 

1.2 

1.3 

9 

25 

10 ' 

26 

1.4 

1.2 

1.3 

11             1 

27 

12            .  . 

28 

1.4 

1.2 

1.4 

13 

29 

14           ' 

1.4  1 

8   .............. 

x\ 

1.2 

1.35 

15 

1 

16 1 

1.4   

..  .  '   .8 

1 

^ 1 
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BIG  PUTE  AHS  0WSH8  BIVBR  OASAL  KSAR  BISHOP,  OAL. 

Thb  station  was  established  by  J.  C.  Clausen  and  R.  S.  Hawley,  August  4,  1903.  It  is 
located  at  a  footbridge  near  the  house  of  William  Oliver,  the  observer.  It  is  7  J  miles  south 
and  3  miles  east  of  Bishop,  Cal. 

The  channel  is  straight  for  600  feet  above  and  300  feet  below  the  station.  The  current  is 
sluggish.  Both  banks  are  high  and  are  not  liable  to  overflow.  The  bed  of  the  stream  is 
sandy  and  somewhat  shifting. 

Discharge  measurements  are  made  from  the  footbridge.  The  initial  point  for  soundings 
is  marked  on  the  footbridge  near  the  right  bank  of  the  canal. 

The  gage  is  a  vertical  rod  securely  nailed  to  the  footbridge. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers  of 
the  United  States  Geological  Survey: 

Deacnption:  100,  pp  218-219;  134/p  238. 
Discharge:  100,  p  219;  134,  p  238. 
Discharge,  monthly:  134,  p  240. 
Gage  heights:  100,  p  219;  134,  pp  238-239. 
Eating  table:  134,  p  240. 

Discharge  measurements  of  Big  Pine  and  Owens  River  canal  near  Bishop,  Cal.,  in  1906. 


Date. 


Hydrographer. 


JaDoary  25 R.J.  Taylor. 

February  13 do 

April  28 1  J.  S.  Evana. 

May  11 ! do 


do- 
do, 
do. 


June  26... 

My6 

Aogi]st2.. 

September  6...  I do 

September  28..  1 do 

October  30.... 
November  18 . 
December  5. . . 


F.  R.  8.  Buttemer. 

....do 

....do 


Width., 

Feet. 

^\ 
^1 
21  1 

22| 

22| 

22J 

22| 

16  I 

14 

22 

22 

22 


Area  of 
section. 

Sq.ft. 
11.3 

9.5 
12.6 
16 
27 
18.8 
10.8 
10.0 

7.2 
41 

17.6 
18.2 


Mean 
velocity. 

Gage 
height. 

Ft.  per  sec. 

Feet. 

0.84 

1.30 

.70 

1.15 

.85 

1.30 

1.11 

1.50 

1. 11 

1.90 

1.05 

1.75 

.58 

1.20 

.59 

1.17 

.36 

1.10 

1.00 

2.53 

.85 

1.42 

.89 

1.45 

Dis- 
charge. 

Sec.-ft. 


9.0 
6.7 

10.7 

17.7 

30 

19.6 
6.3 
5.9 
2.6 

41 

15 

16.2 
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DaUy  gage  heigM,  in  feet,  of  Big  Pine  and  Owens  River  camaL  near  Bishop,  Cal.,for  1906. 


Day. 

Jan. 

Feb. 

Mar. 

1.2 

1.2 

1.15 

1.15 

L15 

1.15 

1.15 

1.15 

1.1 

1.1 

1.1 

1.15 

1.6 

1.76 

1.56 

1.55 

1.4 

1.4 

1.36 

1.35 

1.35 

1.35 

1.1 

1.1 

1.1 

1.1 

1.2 

1.2 

1.2 

1.1 

1.1 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1.4 

1 

L2 

1.2 

1.2 

1  2 

1.2 

1.25 

1.3 

L3 

1.25 

1.25 

L25 

1.25 

1.28 

1.26 

1.3 

1.4 

1.4 

L35 

1.36 

1.4 

1.4 

1.35 

1.35 

1.35 

1.35 

1.35 

1.3 

1.3 

1.3 

1.26 

1.25 

1.4 

1.4 

1.4 

1.3 

1.25 

1.25 

1.26 

1.16 

1.16 

1,2 

1.2 

1.2 

1.2 

1  16 

1.16 

1.2 

1.2 

1.2 

1.2 

1.2 

1.16 

1.15 

1.15 

1.25 

1.25 

1.25 

1.3 

1.2 





1.15 

1.4 

1.8 

1.8 

1.9 

1.7 

1.7 

1.6 

1.5 

1.6 

1.65 

1.56 

1.5 

1.5 

1.5 

1.6 

1.5 

1.55 

1.6 

1.8 

2.1 

2.15 

2.25 

2.2 

2.25 

2.0 

1.8 

2.26 

2.26 

2.46 

2.4 

2.1 

2.0 

1.86 

1.8 

1.8 

1.8 

1.7 

1.7 

1.7 

1.95 

2.15 

2.1 

2.3 

2.46 

2.65 

2.7 

2.8 

1.8 

1.8 

1.85 

1.7 

1.66 

1.7 

1.8 

2.2 

2.2 

1.9 

1.8 

1.6 

1.5 

1.8 



1.8 

1.8 

1.8 

1.8 

1.8 

1.7 

1.7 

2  0 

2.05 

2.2 

2.26 

2.36 

2.4 

2.4 

2.25 

2.1 

2.05 

1.8 

1.7 

1.6 

2.0 

1.9 

2.0 

1.6 

1.4 

1.3 

1.3 

1.2 

1.1 

1.1 

1.1 

1.1 
1.1 
1.1 
1.1 
1.0 
1.1 
1.1 
1.1 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.1 
1.1 
1.0 
1.0 
1.6 
1.6 
1.6 
1.4 
1.4 
1.4 
1.2 
1.3 
1.3 

1.2 

1.1 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.3 

L3 

1.2 

1.2 

1.3 

L3 

1.3 

1.3 

1.1 

1.15 

1.15 

1.1 

1.1 

1.1 

1.2 

1.2 

1.15 

1.16 

1.15 

1.15 

L4 

2.55 

2 

1 
1 

1 
1 
1 
1 
1 

15 

16 

15 

15 

15 

1 

1 

3 

4 

5 

65 

9 

9 

8 

2.55'     1.45 

3 

2.55  '     L5 

4 

2.5    1     1.5 

6 

2.5         1.45 

6 

2.25       1.45 

7 

2.3         1  45 

8 

2.3 
2.3 
2.55 
1.2 

L45 

g 

(«) 
(») 
(«) 
(«) 

1.35 

2.0 

2.1 

2.15 

2.2 

2.2 

2.1 

2.15 

2.15 

2.3 

2.3 

2.35 

2.35 

2.36 

2.35 

2.35 

2.35 

2.35 

2.35 

2.35 

2.46 

2.45 

2.5 

2.66 

1.45 

10 

L4 

11 

L4 

12 

1.2 

1.4 

13 

1.2        1.4 

14 

1.2        L4 

15 

16 

1 

1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

4 

35 

35 

45 

3 

16 
15 

45 

1.2        1.4 
1.2         L4 

17 

1.3         L4 

18 

L4    ;     1.4 

19 

1.4    ,    1.4 

20 

1.35       L4 

21 

L3    i     1.35 

22 

1.25       1.35 

23 

1.25  ,    1.35 

24 

25 

26 

27 

28 

29 

30 

31 

1.25       1.3 
1.3        1.3 

1.3  L4 

1.4  '    1.4 
1.4        1.4 
1.4        1.3 
1.4    ,    L3 

L3 

a  Water  shut  off  April  9-13. 


8AKGEB  CAHAL  AT  ALVOED,  OAL. 


This  station  was  established  August  4,  1903,  by  J.  C.  Clausen  and  R.  S.  Hawlej.  It  is 
located  at  the  county  road  bridge,  one-fourth  mile  east  of  the  Southern  Pacific  Railroid 
station  at  Alvord,  Cal. 

The  channel  is  straight  for  300  feet  above  and  for  100  feet  below  the  station.  The  current 
is  sluggish.    Both  banks  are  low  and  Uable  to  overflow.    The  bed  of  the  stream  is  shifting. 

Dischai^  measurements  are  made  from  the  bridge.  The  initial  point  for  soundings  is 
marked  on  the  bridge  near  the  left  bank  of  the  canal. 

The  gage  is  a  vertical  rod  fastened  to  the  bridge. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers  of 
the  United  States  Geological  Survey: 

Description:  100,  pp  219-220;  134,  pp  240-241. 

Discharge:  100,  p  220;  134,  p  241. 

Oage  heights:  100,  p  220;  134,  pp  241-242. 
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DUeharge  measurements  of  Sanger  canal  at  Alvord,  Col.,  in  1906. 


Date. 


Hydrographer. 


JanuBjyJ. R.J.Taylor. 

February  18. ..i do 

April  14. !  J.  S.  Evans. . 

April  26. ' do 


May  19 ' do 

June  9 do 

August  17. I do , 

S^temberl3. do 

October30 F. R. S. Buttemer  . 

Norember  18.. do , . 


Width. 

Area  of 
section. 

Mean 
velocity. 

hei^. 

Dis- 
charge. 

Feet. 

Sq.ft. 

Ft.  per  sec. 

Feet. 

8ec.-ft. 

16 

23 

0.59 

2.38 

13.6 

16 

22 

.63 

2.32 

13.9 

16 

26 

.38 

2.80 

9.9 

16 

29 

.30 

2.88 

8.8 

16 

32 

.18 

3.06 

6.6 

16 

29 

.16 

2.80 

4.7 

16 

18 

.22 

2.10 

4.0 

16 

16 

.18 

2.10 

2.8 

16 

30 

.44 

2.82 

13.2 

16 

X 

.39 

2.60 

.0.. 

DaHy  gage  height ,  in  feet  y  of  Sanger  canal  at  Alvord,  Col.,  for  1906. 


Day. 

Jan. 

Feo. 
1.7 

Mar. 

1.2 
1.2 

Apr. 

May. 

Day. 

Jan. 

Feb. 

Mar. 

2.2 
2.2 
2.2 

Apr. 

2.8 
2.8 

May. 

1 

2.2 

2.7 
2.7 

2.9 
2.9 

17 

1.9 

1.3 
1.3 

2 

18 

3.6 

3 

2.1 

i  19 

1.8 

4 

1.6 
1.6 

1.2 
1.2 

2.8 

2.9 

1 
20 

2.8 

3.6 

5 

2.1 

21 

1.8 
1.8 

1.3 

2.4 

6 

2.8 

2.9 
2.9 

3.0 
3.0 

3.1 

22 

2.8 

7 

2.1 
2.1 

1.6 

1.2 

23 

1.3 

2.4 

8 

24 

1.8 

2.8 

9 

1.6 

1.8 

25 

1.3 
1.3 

2.4 
2.4 

10 

2.0 

26 

1.8 

2.8 

11 

1.4 
1.4 

2.0 
2.1 

2.9 

3.3 

27 

12 

2.0 

28 

1.7 

1.7 

1.2 

2.6 

2.8 
2.8 
2.8 

13 

2.9 

2.8 
2.8 

3.4 
3.4 

3.4 

29         

14 

1.9 
1.9 

1.3 

2.1 

30 

2.7 
.  2.7 

15 

j  31 

1.7 

16 

1.3 

2.2 

EAST  BIDE  CAHAL  NEAR  0ITBTJ8,  CAL. 

Tliis  station  was  established  August  27,  1903,  by  R.  S.  Hawley.  It  is  located  at  the 
head  gate  of  the  canal. 

At  low  stages  the  meter  measurements  are  made  by  wading  at  a  point  below  the  head 
gate.  High-stage  measurements  are  made  from  Southern  Pacific  Railroad  bridge,  one-half 
mfle  below  head  gate. 

The  gage  is  a  vertical  rod  fastened  to  the  head  gate  at  which  discharge  measurements 
are  made.     During  1905  the  gage  was  read  by  J.  Vaughn. 

Information  in  regard  to  this  station  is  contained  in  the  foUowing  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Deficriptlon:  100,  p  220;  134,  pp  242-243. 
Disdiarge:  100,  p  221;  134,  p  243. 
Dlsdi&rge,  monthly:  134,  p  245. 
Oage  heights:  100,  p  221;  134,  pp  243-244. 
Bating  table:  IHp  246. 
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Discharge  Tneaguremenis  of  East  Side  canal  near  Citrus  ^  Cal.,  in  1905. 


Date. 

Hydrographer. 

Width. 

Area  of       ] 
section,     ve 

tfean 
lodty. 

per  sec. 
1.48 
1.14 
.63 
.50 
.66 
1.30 

1  hei^t. 

Feet. 
!         2.30 

2.60 
'          3.10 

3.00 
i          2.63 

1.90 

1 

1     Dls- 
'  chiirgt 

1  Sec.-fi. 
31 
32 
22 
14 
IS 

February  2 

May29 

August  23 

R.J.Ta 
J.  S.  Ev 
do. 

lylor. .. 

Feet. 
20 
21 
24 

•   21 
18 
11 

Sq.ft.     Ft. 
21 
28 
35 
28 
27 
3.7 
1 

ans 

Buttemer — 



istSid 

September  20.. . ! do . 

Novembers....    F.  R.S. 
December  3....  1 do. 

Daily  gage 

height, 

in  feel 

,ofEc 

5  canal 

near  Citrus,  Cal.,  J 

or  1905. 

Day. 

Jan. 

1 
Feb.  j 

1 

Mar. 

Apr. 

May. 

June.  ' 

July. 

Aug. 

Sept. 
3.0 

Oct.     > 

1 

ov.    Dw. 
ic 

1 

2 i 1 

2.4   . 

31   i 

1 

3 

1 

2.3 

2.3 

2.5 

3.4 

3.0  

l\ 

4 ' 

1 

3.3 

3.1 

.     ..    '. 

5 

1 

2.0 

1 

2.3 

2.5 

2.6 

6 

:    2.3 

-1 

2.9  .... 

7 

2.5 

3.3 

3.3 

8 1 

2.5 

1 

3.1 

1 

-1 

9 1      2.4 

1 

3.0 

1 

10 ..  .. 

2.0, 

2.4 

2.5 

3.3 

1 

2.9  

11 :...:.:l:.::: 

1 

3.1 

3.1 

12                          1             '             ' 



2.5 

3.2 

rz: i 

13 1      2.2 

2.0'[ 

2.6 



3.1 

L. 

2.8  

14 !  .  .. 

2.6 

3.3 

'■ 

15 1 .. 

2.6 

3.1 

1 

3.1  L. 

11 

16 1      2.3 

3.2 

17 

2.1, 

2.5 

2.6 

3.2 

2.8  

..      2-1 

18 .   . 

1 

3.1 

3.1 

! 

19 1 

i 

2.6 

3.2' 

20 '      2.3 

2.2 

2.1 

3.2 

2.7  

21 L. 

2.6 

3.1 

3.1 

1 
22 

2.5 

i 

3.1 

...      il 

23 1      2.2 

3.2 

3.2  ,. 

24 

2.2 

2.2 

2.6 

3.2 

1 

2.6  

25 1 

3.2 

,      3.0 

; 

it 

26 ! 

2.5 

3.2, 

27 2.3 

2.2 

2.5 

1 

'    3.2 

2.6  

28 

2.5 

2.6 

1 

j 

3.2 

3.1 

t 

29 ! 

1 

3.1 

1 

l'> 

30 

.1      2.3 

1 



2.3' 

3.0   .. 

31 

O   A 

3.2 

1 

1 

, 
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btevehb  oahal  hear  oitbits,  cal. 

This  station  was  established  August  27,  1903,  by  R.  S.  Hawley.  It  is  located  at  the 
waste  gate  of  the  canal,  3i  miles  north  of  Citrus,  Cal. 

TTie  channel  is  straight  for  300  feet  above  and  200  feet  below  the  station.  Tlie  current 
is  .s]ugg:ish.  Both  banks  are  high  and  are  not  liable  to  overflow.  The  bed  of  the  stream  is 
composed  of  gravel  and  earth  and  is  fairly  permanent. 

Dischaige  measurements  are  made  by  wading.  The  initial  point  for  soundings  is  on  the 
ri^t  bank  of  the  canal. 

The  gage  is  a  vertical  rod  fastened  to  the  waste  gate.  During  1905  the  gage  was  read  by 
J.  Vaughn. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-supply  Papers 
of  the  United  States  Geological  Survey: 

Deacrlption:  100,  p  221;  134,  p  245. 
Disdiarge:  100,  p  222;  134,  p  246. 
Diflcharge,  monthly:  134,  p  248. 
Gage  heights:  100,  p  222;  134,  pp  246-247 
Rating  table:  134,  pp  247-248. 

Discharge  measurements  cf  Stevens  canal  near  Citrus,  Ccd.,  in  1905. 


Date. 

Ilydrographer. 

Width. 

Feet. 
12 
12 
12 
13 
11 

Area  of 
section. 

Mean 
velocity. 

Oace 
height. 

Dis- 
charge. 

May29 

J.  S.Evans 

Sq.ft. 
29 
26 
25 
11.6 
9.6 

Ft.  per  sec. 
1.28 
.71 
.92 
.92 
.76 

Feet. 
2.70 
2.50 
2.55 
1.80 
1.65 

8ec.-ft. 
37 

August  23 

do 

18.5 

September  20 . . 



do 

23 

November  8 .   . 

F.  R.  S.  Buttemer 

10.7 

Decembers  . 

....do 

7.3 

IRK  177— 06 6 
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Daily  gage  height ^  injtetj  of  Stevens  canal  near  Citrus y  Col.  ^  for  1905. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

...L-. 

1.6 

1.9 



2.1 

2.3 

2.6 

2.8 

2.5 

2 

1.6 

2.8 

2.8 

2.5 

3 •.. 

1.6 

1.8 

1.5 

2.2 

2.8 

4 

1.6 

2.5 

2.4 

2.6 

1.8 

6 

1.5 

2.3 

2.8 

2.9 

6 

1.5 

1.6 

1.9 

2.4 

2.6 

2.8 

1.8 

7 

1.5 

2.2 

2.8 

2.8 

2.5 

8 

1.6 

2.3 

2.4 



2.7 

2.8 

1.8 

9 

1.5 

2.8 

2.9 

2.5 

10 

1.6 

2.3 

1.5 

2.2 

2.8 

11 

1.5 

2.5 

2.5 

2.7 

1-7 

12 

1.6 

2.2 

2.8 

2.9 

13 

1.5 

1.5 

2.4 

2.5 

2.7 

2.8 

1.7 

14 

1.6 

2.2 

2.8 

2.9 

2.7 

15 

1.5 

2.5 

2.5 

2.8 

2.8 

1.7 

16 

1.5 

2.9 

2.8 

2.7 

17 

1.5 

2.6 

1.6 

2.2 

2.8 

18 

1.6 

2.6 

2.6 

2.8 

1.7 

19 '.. 

1.6 

2.2 

2.9 

2.7 

20 

1.6 

1.6 

2.4 

2.6 

2.8 

2.6 



17 

21 

1.6 

*2.'5' 

2.9 

2.7 

25 

22 

1.6 

2.0 

2.6 

2.9 

2.6 

1.7 

23 

1.5 

2.9 

2.7 

2.5 

24 

2.0 

1.5 

1.6 

2.5 


25 

1.5 

2.5 

2.6 

2.9 

1.7 

26 

1.5 

2.6 

2.9 

2.8 

27 

1.5 

... 

1.5 

2.6 

2.9 

2.5 

1  7 

28 

2.1 

2.7 

2.7 

2.8 

2.4 

29 

1 

1.5 

2.5 

2.8 

2.5 

1.7 

30 

1.5 



2.8 



2.5 

2.4 

31.          .     . 

1.5 

1 

1 

:     2.8 

1 

i   ■ 

OWEKB  RIVEB  NSAE  CITBTJ8,   CAL. 

This  station  was  established  October  30,  1903,  by  R.  S.  Hawley.  It  is  located  at  the 
county  bridge  4  miles  east  of  Independence,  Cal.,  and  1  mile  from  the  Southern  Pacific 
Railroad  station  at  Citrus,  Cal.  The  station  at  this  point  shows  the  amount  of  waste  water 
which  is  dischai^d  into  Ch^'ens  Lake. 

The  channel  is  straight  for  200  feet  above  and  for  300  feet  below  the  station.  The  current 
has  a  mean  velocity  of  about  2  feet  per  second  at  ordinary  stages.  Both  banks  are  high  and 
oil*  Eiui  HiibEr  {o  lAcrflow.     The  bed  of  the  stream  is  sandy  and  is  liable  to  shift. 

Dischar^t'  meji^turements  are  made  by  means  of  a  cable  and  car  located  about  1,500  feet 
alK>vt'  th<c  brid^^     The  cable  has  a  span  of  120  feet. 

Thp  gaoie  lA  n  ^  (Ttical  rod  nailed  to  a  pile  on  the  upstream  side  of  the  middle  pier  of  the 
l>ricig(^.  During  i  \M)5  the  gage  was  read  by  Milton  Levy.  The  bench  mark  is  a  copper  tack 
in  the  floor  btMi/i;  directly  over  the  gage  rod;  elevation,  13.50  feet  above  the  datum  of  the 

ltifi>miiition  in  rpgard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  tb(?  Unitc^d  IJ^tat^v^  Geological  Survey: 

D^^9^J^lptloTl:  100.  p  :^22;  134,  p  248. 
lllicUBrpi.-;  Ul).  p  .«};  134,  p  249. 
Dtii!}|nrfti\  tihinlhlS^T  134,  p  251. 
<j|l«ff  hpiffhlJi:   U^K  p  223;  134,  pp  249-250. 
llahtD,  t;M.p»  261. 
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Discharge  measurenterUa  of  Owens  River  near  Citrus ,  Cdl.,  in  1906, 


Data 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 

velocity. 

Ft.  per  sec. 

2.21 
1.62 
1.84 
.80 
1.05 
1.98 
2.21 
2.20 

Oaee 
hei^t. 

Dis- 
charge. 

February  2 

May  29 

R.  J.  Taylor 

Feet. 

73 
47 
68 
24 
26 
71 
73 
72 

Sq.ft. 

176 

10 

68 

15.2 

20 

91 
131 
128 

Feet. 

6.00 
3.60 
4..30 
3.00 
3.15 
4.65 
5.20 
5.30 

8ec.-ft. 
389 

J  ^  S.  Evans 

61 

July  21 

do 

125 

Aagust  23 

September  20 . . 
Novembers. .. 

....do 

12.1 

do 

12 

F.  R.  8.  Buttemer 

180 

Deconber  3 

do 

290 

rvember  15. . , 

.  ...do 

282 

DaUy  gage  height ,  in  feet,  cf  Owens  River  near  Citrus ,  CaL.^for  1905. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

5.86 

5.6 

6.35 

5.0 

5.0 

5.0 

5.0 

6.0 

6.5 

5.1 

5.1 

5.2 

5.25 

5.3 

5.3 

5.3 

5.3 

5.0 

3.5 

3.45 

3.45 

3.5 

3.55 

3.6 

3.6 

3.6 

3.8 

3.85 

3.9 

3.9 

4.0 

4.1 

4.15 

4.15 

4.2 

4.25 

4.3 

4.3 

4.4 

4.4 

4.5 

4.5 

4.4 

4.45 

4.5 

4,5 

4.5 

4.55 

4.6 

4.6 

4.65 

4.7 

4.75 

4.8 

4.8 

4.8 

4.85 

4.85 

4.9 

4.9 

4.9 

4.9 

4.95 

4.95 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

6.15 

2 

6.0 
6.8 
6.8 

5.2 

3 

5.3 

4 

5.8 

5.36 

5 

5.35 

6 

5.7 
..6.65 

6.9 

6.8 

6.85 

6.8 

6.85 

6.9 

6.9 

5.8 

5.0 

6.4 

7 

64 

8 

5.65 

5.75 

5.45 

5.4 

6.46 

5.4 

5.7 

5.8 
6.3 
6.4 

5.36 

9 

5.4 

10 

5.4 

11 

5.4 

12 

^ 

5.35 

13 

5.4 

14 

5.7 
5.8 

7.1 
7.15 
7.2 
7.2 

4.5 

5.4 

15 

6.4 

16 

6.4 

17 

3.1 

3.1 

3.2 

3.3 

3.3 

3.3 

3.3 

3.2 

3.25 

3.3 

3.35 

3.4 

3.4 

3.46 

5.5 

18 

4.8     

4.75     

5.46 

19.... 

5.8 
5.9 
5.85 

5.4 

20 



4.6 

4.4 

4.1 

3.5 

3.2 

3.0 

2.8 

2.75 

2.6 

2.6 

Z'Z 

5.6 

21 

5.8 
5.8 
6.8 

6.4 

22 

5.46 

23 

6.0 

6.0 

6.1 

6.3 

6.4 

6.35 

6.0 

5.6 

5.6 

6.5 

24 

5.5 

25 

5.45 

»..  . 

6.0 
6.0 

5.8 

5.45 

27 

5.4 

28 

1 

5.5 

29 

5.4 

30 

6.8 

5.46 

31 

6.45 

1 
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Station  rating  table  for  Owens  River  near  Citrus  j  Ccd.f  from  January  1  to  December  31,  7905. 


Gage 
height. 

Feet. 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
a30 
3.40 
3.50 
3.60 


DlBcharge.  |  ^^{^^^  |  Discharge. '|  ^%^,^ 


Second-feet. 
0 
1 
3 
5 
8 
12 
18 
24 
31 
38 
46 
54 


Feet.     ^Second-feet.}     Feet. 


3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 


63 
73 
83 
94 
105 
117 
130 
144 
158 
172 
187 
202 


4.90 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 
5.60 
5.70 
5.80 
5.90 
6.00 


Dlacharge. ']  ^^^^    !  Discharge. 


Second-feet. 
217 
233 
249 
266 
283 
301 
319 
337 
356 
376 
397 
418 


Feet. 

6.10 
6.20 
6.30 
6.40 
6.50 
6.60 
6.70 
6.80 
6.90 
7.00 
7.10 
7.20 


Second-feet. 
'  440 

I  462 

485 

i  508 

I  532 

I  556 

I  607 

I  634 

662 
I  690 

720 


Note.— The  above  table  is  based  on  11  discharge  measurements  made  during  1904-5.    It  is  fairly  weD 
defined  between  gage  heights  3  feet  and  7  feet. 

Estimated  monthly  discharge  of  Owens  River  near  Citrus ,  Cal.,  for  1905. 


Month. 

Discharge  in  second-feet. 

Total  in 

Maximum. 

MinJTTiuni. 

Mean. 

acre-feet 

January  <» 

418 
720 
508 
508 
337 
42 
172 
233 
319 

283 

376 

301 

337 

0 

18 

42 

369 
540 
372 
430 
175 
29.9 
107 

22,  ®0 

February  « 

29,990 

March  1-17  o 

12,640 

Jtme  2^-30 

6,823 

July ^ 

10,760 

September  17-30 

830 

October 

6,579 

November 

172  1        219 
292  1        301 

13,030 

December 

18.510 

The  period 

1 • 

121,800 

1                      1 

a  Missing  gage  heights  interpolated. 


POWXBS  CAHAL  KBAB  BISHOP.  GAL. 

This  station  was  established  August  19,  1903,  by  R.  S.  Hawley.  It  is  located  one-half 
mile  above  a  mill  on  Bishop  Creek,  and  4J  mile^  west  of  Bishop,  Cal. 

The  canal  is  straight  for  20  feet  above  and  50  feet  below  the  station.  The  bed  of  the 
canal  is  composed  of  gravel  and  is  not  subject  to  change. 

Discharge  measurements  are  made  by  wading. 

The  gage  is  a  rod  on  the  left  bank  of  the  canal.  The  bench  mark  is  on  granite  bowlder 
60  feet  north  of  penstock  of  the  mill  pressure  pipe;  elevation,  3.50  feet  above  the  datum  of 
the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  foUowing  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  134,  pp  251-252. 
Discharge:  134,  p  252. 
Discharge,  monthly:  134,  p  253. 
Oage  heights:  134,  p  252. 
Rating  table:  134,  p  252. 
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Discharge  measwremerUs  of  Powers  canal  near  Bishop  ^  Cal.^  in  1905. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Oace 
heigit. 

Dis- 
charge. 

Aprils 

June  21 

J.  S.  Evans 

Feet. 
3 
9 
8 

7 

7.5 
8 
8 

Sq.ft. 
0.7 
6.4 
5.0 
1.3 
2.1 
1.4 
3.6 

Ft.  per  see. 
1.00 
2.66 
2.36 
1.08 
1.33 
.79 
.89 

Feet. 
1.10 
1.90 
1.68 
1.30 
1.40 
1.25 
1.58 
1.16 

Sec.'ft. 
0.7 

do 

17.0 

July  27 

do 

11.8 

August  10 

September  7 ... 
November  23 . . 

....do 

1.4 

do 

2.8 

F.  R.  S.  Buttemer 

1.1 

D«cember  11 . . . 

do 

3.2 

December  21 . . . 

do 

1.0 

1 

BOITTH  HILLSIBE  OAHAL  NSAE  BISHOP,  GAL. 

This  station  was  established  August  26, 1903,  by  R.  S.  Hawlej.  It  is  located  just  below 
waste  gate  at  head  of  canal,  5  miles  west  of  Bishop,  Cal. 

Discharge  measurements  are  made  by  wading. 

The  gage  is  a  rod  on  the  left  bank  of  the  canal.  The  bench  mark  is  on  granite  bowlder 
marked  by  ring  of  white  paint  and  located  on  left  bank  2  feet  from  gage;  elevation,  2.00 
feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  134,  p  253. 
Discharge:  134,  p  253. 
Discharge,  monthly:  134,  p  255. 
Gage  heights:  134,  p  254. 
Rating  Uble:  134,  p  254. 

Discharge  measurements  of  South  Hillside  canal  near  Bishop^  CaL.t  in  1906. 


Date. 


Hydrographer. 


January  21 R.  J.  Taylor. 

February  8 do 


Maich4... 
April  18 .  . . 

Mays 

July27. ... 
August  10 . 

September  22 . . ' do  . 

October  25.... 
November  23 . 
December  11.. 


do 

J.  8.  Evans. 

do 

do 

do 


F.  R.  S.  Buttemer. 

....do 

....do 


Width. 


Feet. 
4.5 
4.5 
4.5 
4.8 
4.8 
4.5 
5.0 
4.5 
4.0 
5.0 
3.7 


Area  of 
section. 


Sq.ft. 
0.9 

.9 
1.3 
1.6 
3.2 
2.4 
3.6 
3.2 
2.0 
1.0 

.6 


Mean 
velocity. 


Ft.  per  sec. 
1.11 
1.11 
1.46 
1.88 
2.66 
3.29 
2.47 
2.75 
1.75 
.90 
.50 


Gage 
hei^t. 


Feet. 
1.60 
1.60 
1.66 
1.70 
2.00 
1.98 
2.00 
2.00 
1.75 
1.58 
1.50 


Dis- 
charge. 


Sec.-ft. 
1.0 
1.0 
1.9 
3.0 
8.5 
7.9 
8.9 
8.8 
3.5 
.9 
.3 
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NORTE   HILL8IDB   OAVAL  NSAE  BZBHOP,   GAL. 

T^is  station  was  established  September  3, 1903,  by  R.  S.  Hawley.  It  is  located  at  head 
gate  of  the  canal,  5  miles  west  of  Bishop,  Cal. 

Discharge  measurements  are  made  from  cross>piece  of  the  flume  on  which  the  distances 
across  are  marked  at  each  foot.  The  initial  point  for  soundings  is  the  end  of  croaspiece  o( 
flume  at  right  bank. 

The  gage  is  a  vertical  rod  fastened  to  the  right  side  of  flume  or  head  gate.  The  b»Kh 
mark  is  on  a  granite  bowlder  marked  with  white  paint  and  located  near  gage;  elevation, 
2.96  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papen 
of  the  United  States  Geological  Survey: 

Description:  134,  p  255. 
Discharge:  134,  p  255. 
Discharge,  monthly:  134,  p  256. 
Gage  heigh U:  134,  p  256. 
Rating  table:  134,  p  256. 

Discharge  measurements  of  North  RiUsidt  Canal  near  Bishop ^  Cat.,  in  1905. 


Date. 


March  4. 

April  18 

May  5 

June  21 

July  27. 

August  10 

Septemljer  17 . 
September  22 . 
October  23.... 


Hydrographer. 


K.  J.  Taylor. 
J.  S.  Evans.. 

do 

do 

do 

do 

do 

do 

do 


November  23 . .  i do , 

December  11 ...  i do 

December 21...!  F.  R.  S.  Buttemer.. 


Width. 

Area  of 
section. 

Mean 
velocity. 

hel^t. 

Feet. 

Sq.ft. 

Ft.  per  sec. 

Feet. 

4.3 

1.8 

0.83 

1.51 

4 

2.2 

2.23 

1.70 

4 

3.6 

3.33 

2.00 

4 

3.0 

7.67 

2.10 

4 

2.4 

7.83 

2.05 

4 

2.6 

7.46 

2.08 

4 

3.2 

a70 

1.98 

4.2 

2.5 

5.20 

2.0 

4.0 

2.0 

1.95 

1.70 

6 

2.4 

1.21 

1.70 

4.3 

2.2 

.32 

1.52 

4.5 

.8 

.75 

1.45 

Dis- 
charge. 

Sec.-fl. 
L5 
4.9 

120 
23.0 
1&8 

ia4 
as 

13.0 
3.9 
2.9 


BIO  PIKE    CEEEK   HEAR    BIO   PINE,  OAL. 

This  station  was  established  December  5,  1903,  by  R.  S.  Ilawley.  It  is  located  3  miles 
southwest  of  Big  Pine,  Gal.,  at  a  point  where  the  creek  leaves  the  foothills. 

The  channel  is  straight  for  30  feet  above  and  50  feet  below  the  station.  The  current  is 
swift  at  all  stages.  Both  banks  are  high  and  rocky.  The  bed  of  the  stream  is  rough  and 
rocky,  and  is  not  subject  to  much  change. 

Discharge  measurements  are  made  from  a  footbridge.  The  initial  point  is  at  the  right 
bank. 

The  gage  is  a  veritical  rod  fastened  to  a  tree  on  the  left  bank  of  the  creek,  3  feet  above  the 
footbridge.  During  1905  the  gage  was  read  by  Mrs.  J.  M.  Randle.  Bench  marks  were 
established  as  follows:  (1)  On  a  granite  bowlder  marked  by  a  ring  of  white  paint,  40  feet 
southeast  of  the  south  end  of  the  footbridge;  elevation,  8.54  feet;  (2)  a  point  marked  with 
a  ring  of  white  paint,  45  feet  southwest  of  the  south  end  of  the  footbridge;  elevation,  10.44 
feet.    Elevations  refer  to  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  134,  p  257. 
Discharge:  134,  pp  257,  260. 
Discharge,  monthly:  134,  p  259. 
Gage  heights:  134,  p  258. 
Rating  toble:  134,  p  258. 
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DUcharge  measurements  of  Big  Pine  Creek  near  Big  Pine^  Cd.y  in  1905. 


Date. 


Jaooary  18.  .. 
Febraaiy  18 . . 

April  26 

May  19. 

Juned 

July  16. 

August  17.  ... 

September  13 . 

November  16.. 

December  1 . . . 

December  16.. 

December  16.. 


Hydrographer. 


R.J.  Taylor 

....do 

J.  8.  Evans 

....do 

...  do 

....do 

....do 

do 

F.  R.  S.  Buttermer. 

do 

....do 

do 


Width. 

Area  of 
aection. 

Feel. 

Sq.ft. 

13 

9.9 

12.5 

a6 

13 

10.8 

13 

13.8 

13 

15.8 

13.5 

21.0 

13 

18.4 

13 

13.0 

10 

6.6 

'      13.5 

&8 

13.5 

12.6 

13.5 

12.5 

Mean 
velocity. 

Oage 
height. 

Ft.  per  sec. 

Feet. 

2.52 

1.95 

2.71 

1.85 

2.78 

2.20 

3.70 

2.38 

3.86 

2.48 

5.71 

2.85 

4.77 

2.60 

3.16 

2.30 

1.61 

1.85 

1.62 

2.00 

0.83 

2.20 

a96 

2.20 

Dis- 
charge. 


Sec.-ft. 
25 
23 
30 
51 
61 
120 
88 
41 

lae 

14.3 
10.6 
12.2 


o  Channel  changed. 


Daily  gage  heigkty  in  feet,  of  Big  Pine  Creek  near  Big  Pine,  Cal.,for  1905. 


1 
Day.           1 

Jan. 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.9 

1.9 

1.85 

L8 

1.8 

1.8 

1.8 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.8 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

Feb. 

Mar. 

Apr. 

1.8 

1.9 

1.85 

1.9 

1.9 

1.85 

1.86 

1.9 

1.96 

1.95 

1.95 

1.95 

1.95 

1.95 

1.95 

1.95 

1.95 

195 

1.95 

1.95 

1.95 

1.95 

2.0 

2.0 

2.0 

2.2 

2.3 

2.3 

2.4 

2.5 

May. 

2.5 
2.5 
2.5 
2.6 
2.4 
2.4 
2.4 
2.3 
2.0 
2.0 
20 
2.0 
2.1 
2.2 
2.3 
2.3 
2.3 
2.4 
2.4 
2.4 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 

June. 

July. 

2.95 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.2 

3.5 

3.5 

3.5 

3.3 

3.3 

3.3 

3.05 

3.2 

3.1 

3.0 

3.0 

3.0 

3.0 

3.1 

3.2 

3.3 

3.4 

3.3 

3.2 

3.1 

3.1 

3.0 

Aug. 

2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.8 
2.8 
2.9 
3.0 
3.0 
3.0 
2.9 
2.9 
2.9 
2.9 
2.9 
2.8 
2.8 
2.9 
2.8 
2.8 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 

Sept. 

Oct. 

Nov. 

Dec. 

« 

2... 

1.9 

1.9 

1.9 

2.0 

20 

2.0 

1.95 

1.95 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.9 

1.9 

1.9 

1.9 

1.9 

1.0 

1.9 

1.9 

1.85 

1.85 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.8 

1.8 

1.8 

1.8 

2.4 

2.4 

2.4 

2.4 

2.4 

2.45 

2.45 

2.5 

2.5 

2.5 

2.7 

2.8 

2.9 

2.9 

2.9 

2.9 

2.95 

3.0 

3.0 

3.0 

3.2 

3.3 

3.4 

3.2 

2.8 

2.8 

2.8 

2.9 

2.9 

2.9 

2.7 

2.6 

2.5 

2.4 

2.4 

2.35 

2.25 

2.25 

2.2 

2.3 

2.4 

2.4 

2.45 

2.45 

2.45 

2.45 

2.35 

2.4 

2.45 

2.45 

2.4 

2.4 

2.4 

2.35 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2  25  1     1-8 
2.15  I 

1.9 

3 

2.15 
2.15 

4 

1.9 

6. 

2.1 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.85 

1.85 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

6.. 

7 

8 

1.8 

9 

1.9 

10 

U 

1.85 

2.0 

12 

13...      . 

14 

13 

16 

1.85 

2.0 

17 

1 

18 

1,8    1 

W 

.   ...     1 

20 

1      2.2 

21 

1 

22 

1 

23 

1 

1. 85  1    2. 15 

24 

1 

25 

25 

1       2  3 

27 

28 

1.85 

29 

1 

30 

31 
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Station  rating  table  fcr  Big  Pine  Creek  near  Big  Pine,  Cal.,from  Mardi  21  to  December  15, 

1905. 


Gage 
hei^t. 

1 
1  Discharge. 

Second-feet. 
9 

Gage 
height. 

Feet. 
2.30 

Diflchaige. 

Second-feet. 
40 

Gage 
height. 

Discharge. . 

Gage 
height. 

! 
Discharge., 

1 

Feet. 
1.80 

Feet. 
2.80 

Second-feet. 
115 

Feet. 
3.30 

Second-feet.'i 
220    1 

1.90 

11 

2.40 

1               52 

2.90 

134 

3.40 

244    I 

2.00 

15 

2.50 

1               « 

3.00 

154 

3.50 

288  ; 

*2.10 

21    , 

2.60 

81 

3.10 

175 

1 

2.30 

;             30 

1                    1 

2.70 

97 

3.20 

197 

1 

Note.— The  above  table  is  based  on  eight  discharge  measurements  made  during  1905.  It  is  fairly 
well  defined  between  gage  heights  2  feet  and  2.8  feet.  The  table  has  been  extended  beyond  these  limits, 
being  based  on  extension  of  area  and  mean-velocity  curves. 

Estimated  monthly  discharge  of  Big  Pine  Creek  near  Big  Pine,  Cal.^for  1905. 


Month. 


January 

February 

March 

April ■ 

May 

June 

July 

August 

September 

October 

November 

December  1-15. 


The  period . 


x^im,u<»i 

6^   "'  t'^""" 

11^  W.                      1 

Total  in 

Maximum. 

Minimum. ' 

Mean. 

acre-feet 

24 

19 

21.7 

1,334 

30 

22 

23.9 

1,327 

24 

^1 

18.9 

1,162 

66 

9  , 

17.9 

1,065 

66 

15 

46.7  ' 

2,872 

244 

52  ; 

118      ' 

7,021 

268 

144  , 

187      i 

11,500 

154 

97 

122      1 

7,501 

97 

30 

51.1 

3.041 

35 

9 

13.7  , 

842 

10 

9 

9.6  ' 

571 

15 

11 

12.5 

S72 

38,610 


Note.— Dischai^e  January  1  to  March  20  based  on  discharge  measurements  directly.  Rating  tabic 
used  March  21  to  December  15.  Because  of  a  change  in  channel  tne  rating  table  does  not  apply  after 
December  15. 

Discharges  for  days  in  November  and  December,  when  gage  heights  are  not  recorded,  were  inter- 
polated. 

BIBOH  CREEK  HEAK  TXNEXAEA,  CAL. 

This  station  was  established  June  14,  1905,  by  J.  S.  Evans.  It  is  located  6  miles  south- 
west of  Big  Pine  and  500  feet  west  of  ranch  of  Charles  Peterson. 

The  channel  is  straight  for  25  feet  above  and  below  the  station.  The  water  is  swift 
at  all  stages.  Both  banks  are  low,  but  not  subject  to  overflow.  The  bed  of  the  stream 
is  composed  of  coarse  gravel  and  is  not  subject  to  material  change.  The  stream  flows  in 
one  channel. 

Discharge  measurements  are  made  from  a  footbridge,  which  consists  of  a  cottonwood 
tree  placed  across  the  stream.  The  initial  point  for  soundings  is  a  nail  in  footbridge  on 
the  left  bank. 

The  gage  is  a  vertical  staff  nailed  to  a  willow  tree  on  the  left  bank.  During  1905  the 
gage  was  read  by  Charles  Peterson.  The  bench  mark  is  a  nail  in  the  top  of  a  willow  stump 
on  the  left  bank;  elevation,  2.00  feet  above  the  datum  of  the  gage. 
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Date. 

Width.    ^7o°n' 

Mean 
velocity. 

Gace 
height. 

Dis- 
charge. 

June  14 

July  17 

August  24 

November  17 . . 

J.  S.  Evans 

Feet. 

7 
8 
8 
8 
8 

Sq.ft. 
9.6 
8.0 
7.6 
6.2 
6.0 

Ft.  per  sec. 

2.19 

1.35 

1.00 

.35 

.42 

Feet. 

1.00 

.71 

.58 

.65 

Sec.-ft. 
21 

do 

10.8 

do 

7  6 

F.  R.  S.  Buttemer 

9  o 

....do 

56               *>  * 

DaHy  gage  height ,  in  feet,  of  Birch  Creek  near 

Tinemaha,  Cal.,for  1905. 

Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

0.8 
.75 
.75 
.8 
.8 
.8 
.85 
.9 
.9 
.85 
.9 
.9 
.85 
.75 
.7 
.7 
.7 
.7 
.65 
.65 
.65 
.65 
.7 
.7 
.75 
.8 
.8 
.75 
.7 
.65 
.65 

0.65 
.65 
.65- 
.66 
.6 
.55 
.6 
.66 
.75 
.8 
.65 
.6 
.6 
.6 
.6 
.55 
.55 
.55 
.5 
.6 
.65 
.65 
.55 
.55 
.55 
.55 
.6 
.6 
.65 
.65 
.65 

0.6 
.55 
.6 
.55 
.55 
.5 
.5 
.45 
.45 
.5 
.5 
.5 
.45 
.45 
.45 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.45 
.45 

0.5 
.4 
.4 
.35 
.35 
.3 
.3 
.3 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 

0.35 
.35 
.35 
.45 
.5 
.5 
.6 
.5 
.5 
.6 
.5 
.5 
.5 
.6 
.6 
.5 
.5 
.6 
.6 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.65 
.7 
.6 

0.8 

2 

.55 

3 

.55 

4 

.55 

5 

.5 

6 

.6 

7 i 

.6 

8 ' 

.6 

9 

.5 

10 

11 

12 

13 

H 

1.0 

15 

16 

17 

18 

.9 
.9 
.9 
.8 
1.0 
.8 
.9 
.75 
.75 
.75 
.75 
.8 
.85 

19 

20 

21 ... 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

IHSSPENDEHOE  GBEEE  NEAK  INDEPEKDEKCE,  CAL. 

This  station  was  established  June  15,  1905,  by  J.  S.  Evans.  It  is  located  about  1  mile 
west  of  the  town  of  Independence  near  intake  of  the  city  waterworks  of  Independence. 

The  channel  is  straight  for  25  feet  above  and  below  the  gaging  station.  Both  banks  are 
low,  but  not  subject  to  overflow.  The  bed  of  the  stream  is  composed  of  gravel  and  rooks. 
Tlie  approximate  depth  of  water  is  1.2  feet.     The  stream  discharges  in  one  channel. 

Discharge  measurements  are  made  by  wading.  The  initial  point  for  soundings  is  on  the 
right  bank. 
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The  gage  is  a  yertical  timber  nailed  to  a  willow  tree  on  the  right  bank.  During  1905  the 
gage  was  read  by  Milton  Levy.  The  bench  mark  is  a  cross  on  lai^  rock  on  right  bank  of 
the  stream;  elevation,  1.70  feet  above  the  datum  of  the  gage. 

Discharge  measurement  cf  Independence  Creek  near  Independence,  Cdl.,  in  1905. 


Date. 

Hydrographer. 

^^W'"-  4S?o°n! 

Mean 
velocity. 

Oace         DiB- 
hei^t.  1  charge. 

June  15 

J,  8.  K vftn«» , 

Feet.       Sq.ft. 
12            13.6 

12  '           8.0 
11  1           5.0 
11  1           3.9 
11              4.6 

Ft.  per  sec. 

3.46 

2.42 

1.46 

.79 

.80 

Fed.     .  8ec.-ft. 
1.10  1           47 

July  21 

do 

.72  ■           19.4 

August  23 

do 

.47  1            7.3 

November  11 

P.  R.  S.  Buttemer 

.35              3.1 

December  3. . . . 

do 

.37'         x: 

Daily  gage  height ,  infect,  cf  Independence  Creek  near  Independence,  Cal.,  for  1905. 


Day. 


June.  '  July. 


1 

i 

, 1 

2 

3 '      1 

4 ' 

5 1 

6 ! 

7 1 1 

1 
8 1 ! 

9 1 

1 

10 1     

11 :::.:.:::.::..:::::.:: '::::.... 

12 ! 

13 1 

14 1   ' 

15 

J  J 

16 

J  . 

17 

1 

18 

■      11' 

19 

1      1.1 

20 

1      1  I 

21 

1      1  1 

22 

1.05 

23 

,       1.05  1 

24 

1.1     j 

25 

'        .95  1 

26 

]        .95 

27 

95 

28 

.95  1 

29 

9    1 

30 

0     1 

31 1 

0.9 
.9 
.85 
.85 
.85 
.85 
.9 
.85 
.85 
.85 
.9 


Aug. 


.9    I 

.85 

.8    I 

.8    I 

.75  . 

.75  ' 

.75  I 

.75  j 

.7     I 

.7     ' 
I 
.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.65 


0.65 
.65 
.65 
.6 
.6 
.6 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55  1 
.55, 
.55 
.55 
.55 
.55 
.5    , 
.5 

.5  , 
.5  I 
.45  I. 


Sept. 


0.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.35 
.35 
.35 
.4 
.4 
.35 
.35 
.4 
.4 
.4 
.35 
.35 
.35 
.4 
.4 
.35 
.35 
.35 
.35 
.35 
.35 


Oct.    I   Nov.   I    Dec. 


0.35  I 
.35 
.35  ' 
.35  1 
.35! 
.35, 
.35, 
.35 

.3  I 

.35  ; 
.35  i 
.35  I 
.35 
.35  I 
.4  i 
.4  I 
.35 
.35  I 
.35  1 
.35  I 
.4  I 
.35  , 
.35  1 
.35  I 
.35  ' 
.35  I 
.35  j 
.35 
.35  i 
.35 
.35  I 


0.4 
.4 
.4 
.4 
.4 
.4 
.4 
.3S 
.4 
.4 
.4 
.3 
.35 
.35 
.4 
.4 
.4 
.35 
.4 
.4 
.3 
.3 
.35 
.35 
.3 
.3 
.3 
.35 
.35 
.35 
.35 


Note.— Gage   heights  Interpolated   June  16-20;    Octol)er  29  to  November  10;    November  12  to 
December  2. 
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Staium  rating  tabUfor  Independence  Creek  near  Independence,  Gcd.y  from  June  15  to  December 

81,  1905. 


^'^,. 

Discharge. 

Gage 
height. 

Discharge. ' 

hei^t." 

Discharge. 

Gage 
height. 

Discharge. 

Fen. 
0.30 
0.40 
0.50 

Second-feet. 
1.6 
4.8 
8.5 

Feet. 
0.60 
0.70 

Second-feet. 
12.9 
18 

Feet. 
0.80 
0.90 

Second-feet. 
24 
31 

Feet. 
1.00 
1.10 

Second-feet. 
30 
47 

Note.— The  above  table  is  based  on  five  discharge  measurements  made  during  1905.    It  is  well  defind 
between  gage  heights  0.4  foot  and  1.1  feet. 

Estimated  monthly  discharge  of  Independence  Creek  near  IndepeTidenee,  Col.,  for  1905. 


Month. 

Discharge  in  second-feet. 

ToUl  in 

Maximum. 

Minimum. 

Mean. 

acre-feet. 

June  15-30 

47 

31 

15.4 
6.6 
4.8 
4.8 

31 

15.4 
6.6 
3.1 
1.6 
3.1 

41.6 
23.5 
10.9 
4.6 
3.2 
3.6 
3.6 

1,317 

July 

1,445 

August .. 

670 

September 

274 

October 

198 

November 

214 

December 

4.8                 1.6 

223 

The  period 

1 

4,341 

i                     1 

OAK  GREEK  NEAE  IKDEPENOENOE.  OAL. 

Hiis  station  was  established  June  15,  1905,  by  J.  S.  Evans.  It  is  located  about  1  mile 
west  of  old  Fort  Independence  and  3  miles  northwest  of  the  town  of  Independence. 

The  channel  is  straight  for  a  short  distance  above  and  below  the  station.  Both  banks  are 
low  and  subject  to  slight  overflow  in  high  water.  The  bed  of  the  stream  is  composed  of 
gravel  and  rocks,  with  high  velocity  at  all  stages.  The  stream  flows  in  one  channel  and  has 
an  average  depth  of  1.2  feet. 

Discharge  measurements  are  usually  made  by  wading,  although  a  plank  placed  across  the 
stream  is  used  as  a  footbridge  for  higher  stages  of  the  water.  The  initial  point  for  soundings 
is  a  nail  in  the  footbridge  on  the  left  bank. 

The  gage  is  a  staff  nailed  to  a  stake  driven  on  the  left  bank  of  the  stream.  During  1905 
the  gage  was  read  by  A.  M.  Bell.  The  bench  mark  is  a  nail  driven  in  the  top  of  a  stake  set 
firmly  in  the  ground  on  the  right  bank  of  the  stream  near  the  end  of  the  footbridge;  eleva- 
tion, 1.30  feet  above  the  datum  of  the  gage. 


Discharge  measurements  of  Oak  Creek  near  Independence,  Col.,  in  1905. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

height. 

Dis- 
charge. 

June  15 

J.  8.  Evans 

Feet. 
6 
5 
5 
5 
6 

Sq.ft. 
8.4 
4.4 
2.8 
3.4 
3.1 

Ft.  per  sec. 
3.81 
4.00 
4.18 
3.24 
1.87 

Feet. 
1.10 

Sec.-fl. 
32 

July  17 

do 

.63              17.6 

August  23 

do 

.30             11.7 

November  8 . . . 

F.  R.  8.  Buttemer 

.35  '           11.0 

December  4.. 

....  do 

.25  1             5.8 
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STREAM  MEASUREMENTS   IN  1905,  PABT   Xin. 


DaUy  gage  heighi,  in  feet,  of  Oak  Creek 

near  Independence,  Cdl.jfor 

1905, 

Day. 

June. 

July. 

Aug. 

Sept. 

Oct.    1  Nov. 

! 

Dec. 

1 

1.0 
1.0 
1.0 
.9 
1.0 
1.0 

0,6 

0.4 
-.1 

1 
0.3  i        0.3 
.3             -3 

0.3 

2 

5 
5 
5 

.3 

3 

.3 
.3 
.2 
.« 
.2 
.3 
.3 
.3 
.3 
.3 
.3 
.2 
.3 
.2 
.2 
.3 
.3 
.3 
.3 
.3 
.3 
.3 

.3 
.3 
.3 
.4 
.4 
.3 
.4 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
-3 

.25 

4 

.25 

5 

.3 

6 

.3 

7 

1.0  1 

6            .3 
5            .3 
5            .3 
5            -3 

.25 

8 

1.0 
1.0 

1.1 
1.1 
1.1 

1.0 
.9 
.9 
.8 
.8 
.7 
.7 

.25 

9 

.25 

10 

.25 

11 

5 

.3 
.3 
.3 
.3 
.3 
.2 
.2 
.2 
.2 
-2 

.25 

12 

.25 

13 

.3 

14 

.3 

15 

.3 

16 

.3 

17 : :..:::::::: 

.25 

18 

19 

1.3 
1.3 
1.3 
1.4 
1.2 
1.2 
1.1 
1.0 
1.0 
1.0 
.9 
1.0 
1.0 

.25 
.25 

20 

.6 
.7  1 
.6, 

.7  j 

.7  ' 
.7  . 

.25 

21 

4I     .2 

4            .2 
4            .2 

*\     .2 

4            .2 
4            .2 
4            .2 
4            .2 
4'         .2 
4i          .3 

.25 

22 

.25 

23 

.25 

24 

.25 

25 

.3  j          .3 
.3  '          -3 

.25 

26 

.25 

27 

.3 
.3 
.3 
.3 
.3 

.3 
.3 
.3 
.3 

.25 

28 

.7 
.6 
.6 
.6 

.25 

29 

.25 

30 

.25 

31 

.25 

mSOSLLANEOTJB  MEASUREMEIVTB  IN  0WSH8  RIVEK  DRAIHAOE  BA8IK. 

The  following  is  a  list  of  the  miscellaneous  discharge  measurements  made  in  the  Owens 
River  drainage  basin  during  1905: 

Ash  Creek  near  Lone  Pine,  Col. — ^This  stream  discharges  into  Owens  Lake  from  the 
eastern  slope  of  the  Sierra  Nevada.  The  following  measurements  were  made  during  1905 
at  a  point  where  the  stream  leaves  the  foothills  and  enters  the  valley: 

June  19:  Width,  10  feet;  area,  5.4  square  feet;  mean  velocity,  1.96  feet  per  second;  dis- 
charge, 10.6  second-feet. 

July  19:  Width,  4  feet;  area,  1  square  foot;  mean  velocity,  1.80  feet  per  second;  discharge, 
1.8  second-feet. 

Birch  Creek  near  Bishop,  Col. — This  stream  is  tributary  to  Owens  River  above  Bishop, 
Cal.  A  measurement  was  made  August  1,  1905,  by  J.  S.  Evans  at  the  point  where  the 
stream  leaves  the  foothills  and  enters  the  valley. 

Width,  6  feet;  area,  4.4  square  feet;  mean  velocity,  2.72  feet  per  second;  discharge,  12 
second-feot. 

Clear  Creek  near  Big  Pine,  Cal. — This  stream  is  tributary  to  Owens  River  from  the 
eastern  slope  of  the  Sierra  Nevada.  The  following  measurements  were  made  during  1905 
at  a  point  where  the  stream  leaves  the  foothills  and  enters  the  valley: 

June  14:  Width,  7  feet;  area,  5.6  square  feet;  mean  velocity,  1.86  feet  per  second;  dis- 
charge, 10.4  second-feet. 
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July  17:  Width,  6  feet:  area,  3.4  square  feet;  mean  velocity,  1.61  feet  per  second;  di»- 
(^arge,  5.5  second-feet. 

Cottonwood  Creek  near  Olaneha,  Col. — ^This  stream  discharges  into  Owens  Lake  from  the 
eastern  slope  of  the  Sierra  Nevada.  The  gage  rod  is  a  1  by  3  inch  timber  graduated  to 
feet  and  tenths  and  nailed  to  a  cottonwood  tree  on  the  right  bank  of  the  stream.  The  fol- 
lowing measurements  were  made  during  1905  at  a  point  where  the  stream  leaves  the  foot- 
hills and  enters  the  valley: 

June  16:  Width,  28  feet;  area,  30  square  feet;  mean  velocity,  3.03  feet  per  second;  gage 
height,  0.80  foot;  discharge,  91  second-feet. 

July  20:  Width,  20  feet;  area,  16.2  square  feet;  mean  velocity,  1.86  feet  per  second;  gage 
height,  0.33  foot;  discharge,  30  second-feet. 

November  10:  Width,  8  feet;  area,  5  square  feet;  mean  velocity,  0.86  foot  per  second; 
discharge,  4.3  second-feet. 

Division  Creek  near  Independence,  Cal. — ^This  stream  is  tributary  to  Owens  River  from 
the  eastern  slope  of  the  Sierra  Nevada.  The  following  discharge  measurements  were  made 
during  1905  at  a  point  where  the  stream  leaves  the  foothills  and  enters  the  valley: 

June  14:  Width,  4  feet;  area,  1.9  square  feet;  mean  velocity,  1.74  feet  per  second;  dis- 
charge, 3.3  second-feet. 

July  17:  Width,  4  feet;  area,  1.2  square  feet;  mean  velocity,  1.75  feet  per  second;  dis- 
cfaaige,  2.1  seoond-feet. 

December  2:  Width,  6.5  feet;  area,  2.9  square  feet;  mean  velocity,  1.86  feet  per  second; 
discharge,  5.4  second-feet. 

Eight  MxU  Creek  near  Independence,  Cal. — ^This  stream  is  tributary  to  Owens  River 
from  the  eastern  slope  of  the  Sierra  Nevada.  A  measurement  was  made  December  4, 
1905,  at  a  point  where  the  stream  leaves  the  foothills  and  enters  the  valley: 

Width,  4.5  feet;  area,  2.2  square  feet;  mean  velocity,  1.45  feet  per  second;  discharge, 
3.2  second-feet. 

Fidi  Springs  near  Big  Pine,  Cal. — A  measurement  was  made  of  the  water  discharging 
from  these  springs  on  December  4,  1905: 

Width,  7  feet;  area,  20  square  feet;  mean  velocity,  1.45  feet  per  second;  discharge,  29 
spcond-feet. 

GoodaU  Creek  near  TihbettSj  Cal. — ^This  stream  is  a  tributary  to  Owens  River  from  the 
eastern  slope  of  the  Sierra  Nevada.  The  following  measurements  wore  made  during  1905 
at  a  point  where  the  stream  leaves  the  foothills  and  enters  the  valley: 

June  14:  Width,  4.5  feet;  area,  2.6  square  feet;  mean  velocity,  2.27  feet  per  second;  dis- 
charge, 5.9  second-feet. 

July  17:  Width,  3.5  feet;  area,  1.8  square  feet;  mean  velocity,  1.94  feet  per  second;  dis- 
chaige,  3.5  second-feet. 

August  22:  Width,  3  feet;  area,  1.5  square  feet;  mean  velocity,  2.26  feet  per  second; 
dischaige,  3.4  second-feet. 

November  17:  Width,  3.7  feet;  area,  2.2  square  feet;  mean  velocity,  2.09  feet  per  sec- 
ond; discharge,  4.6  second-feet. 

Georges  Creek  near  Independence,  Cal. — This  stream  is  tributary  to  Owens  River  from  the 
eastern  slope  of  the  Sierra  Nevada.  A  measurement  was  made  June  15,  1905,  at  a  point 
where  the  stream  leaves  the  foothills  and  enters  the  valley: 

Width,  11  feet;  area,  9.2  square  feet;  mean  velocity,  2.61  feet  per  second;  discharge,  24 
second-feet. 

Lone  Pine  Creek  near  Lone  Pine,  Cal. — This  stream  is  tributary  to  Owens  River  from 
the  eastern  slope  of  the  Sierra  Nevada.  The  following  measurements  were  made  during 
1905  at  a  point  where  the  stream  leaves  the  foothills  and  enters  the  valley: 

Jane  15:  Width,  13  feet;  area,  14.2  square  feet;  mean  velocity,  2.61  feet  per  second; 
dischaige,  37  second-feet. 

July  19:  Width,  13  feet;  area,  13  square  feet;  mean  velocity,  2.31  feet  per  second;  dis- 
chaige, 30  second-feet. 
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November  9:  Width,  12.5  feet;  area,  42  square  feet;  mean  velocity,  0.83  foot  per  second; 
discharge,  3.5  second-feet. 

Mofett  Creek  near  Independence  ^  Cdl. — ^This  stream  is  tributary  to  Owens  River  from  the 
eastern  slope  of  the  Sierra  Nevada.  A  measurement  was  made  on  June  15  at  a  point  where 
the  stream  leaves  the  foothills  and  enters  the  valley: 

Width,  7  feet ;  area,  4  square  feet ;  mean  velocity,  2.25  feet  per  second ;  diachai^,  9  second- 
feet. 

MdQee  Creek  near  Bishop,  Col. — ^This  stream  is  tributaiy  to  Owens  River  from  the  eastern 
slope  of  the  Sierra  Nevada.  A  measurement  was  made  on  August  1, 1905,  at  a  point  when 
the  stream  leaves  the  foothills  and  enters  the  valley: 

Width,  4  feet;  area,  4  square  feet;  mean  velocity,  2.18  feet  per  second;  discharge,  8.7 
second-feet. 

Shepherds  Creek  near  Independence,  Cal. — ^This  stream  is  tributary  to  Owens  River  from 
the  eastern  slope  of  the  Sierra  Nevada.  The  foUowing  measurements  were  made  during 
1905  at  a  point  where  the  stream  leaves  the  foothills  and  enters  the  valley: 

June  15:  Width,  6  feet;  area,  6  square  feet;  mean  velocity,  2.53  feet  per  second;  dis- 
chai^,  15.2  second-feet. 

July  18:  Width,  6  feet;  area,  2.7  square  feet;  mean  velocity,  2.37  feet  per  second;  dis- 
chai^ge,  6.4  second-feet. 

Taboose  Creek  near  Tibbetts,  Cdl. — ^This  stream  is  tributary  to  Owens  River  from  the  east- 
em  slope  of  the  Sierra  Nevada.  The  gage  rod  is  a  1  by  3  inch  timber  graduated  to  feet  and 
tenths  and  nailed  to  a  wiUow  tree  on  the  left  bank  of  the  stream.  The  bench  mark  is  a 
nail  in  willow  tree  on  the  left  bank,  to  which  gage  is  fastened.  Its  elevation  is  1.60  feet 
above  the  zero  of  the  gage.  The  foUowing  measurements  were  made  during  1905  at  a  point 
where  the  stream  leaves  the  foothills  and  enters  the  valley: 

June  14:  Width,  10  feet;  area,  10.6  square  feet;  mean  velocity,  1.68  feet  per  second; 
gage  height,  0.60  foot;  discharge,  17.8  second-feet. 

July  17:  Width,  10  feet;  area,  6.6  square  feet;  mean  velocity,  1.82  feet  per  second; 
gage  height,  0.40  foot;  dischai^,  12  second-feet. 

August  24:  Width,  10  feet;  area,  3  square  feet;  mean  velocity,  1.67  feet  per  second; 
gage  height,  0.10  foot;  discharge,  5  second-feet. 

November  17:  Width,  7  feet;  area,  3.8  square  feet;  mean  velocity,  1  foot  per  second; 
gage  height,  0.10  foot;  discharge,  3.8  second-feet. 

December  2:  Width,  7  feet;  area,  4.6  square  feet;  mean  velocity,  1  foot  per  second; 
gage  height,  0.15  foot;  discharge,  4.6  second-foot. 

Tutde  Creek  near  Lone  Pine,  Cal. — This  stream  is  tributary  to  Owens  River  from  the  east- 
em  slope  of  tlie  Sierra  Nevada.  The  following  measurements  were  made  during  1905  at 
the  point  where  the  stream  leaves  the  foothills  and  enters  the  valley: 

June  16:  Width,  12  feet;  area,  6  square  feet;  mean  velocity,  1.80  feet  per  second; 
discharge,  10.8  second-feet. 

July  19:  Width,  10  feet;  area,  4.5  square  feet;  mean  velocity,  2.40  feet  per  second; 
discharge,  10.8  second-feet. 

Tinemaha  Creek  near  Tinemaha,  Cal. — This  stream  is  tributary  to  Owens  River  from  the 
eastern  slope  of  the  Sierra  Nevada.  The  following  measurements  were  made  during  1905 
at  the  point  where  the  stream  leaves  the  foothills  and  enters  the  valley: 

June  14:  Width,  8  feet;  area,  10.5  square  feet;  mean  velocity,  1.86  feet  per  second 
discharge,  19.5  second-feet. 

July  17:  Width,  6  feet;  area,  4.4  square  feet;  mean  velocity,  3.36  feet  per  second 
discharge,  14.8  second-feet. 

December  2:  Width,  7  feet;  area,  5.2  square  feet;  mean  velocity,  0.60  foot  per  second 
discharge,  3.1  second-feet. 
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MOHAVE  RIVER  DRAINAGE  BASIN. 

SESOSIFTION  OF  BASIK. 

The  Mohave  River  rises  on  the  northern  slope  of  the  San  Bernardino  Mountains,  and,  flow- 
ing in  a  northerly  direction,  finally  disappears  in  the  sands  of  the  Mohave  Desert.  This 
stream  has  few  tributaries,  the  only  ones  of  importance  being  West  Fork  and  Deep  Creek, 
which  have  their  source  in  the  higher  elevations  of  the  San  Bernardino  Mountains.  The 
formation  is  of  granite,  with  good  covering  of  soil.  On  the  higher  elevations  there  is  a 
considerable  growth  of  timber,  which  diminishes  as  one  approaches  the  lower  reaches, 
changing  to  a  light  growth  of  brush  and  grass,  finally  merging  into  the  barren  desert.  During 
the  greater  portion  of  the  year  the  stream  bed  is  dry  below  the  junction  of  West  Fork  and 
Deep  Creek,  where  the  waters  disappear  in  the  sand  and  gravelly  bed  of  the  stream.  Water 
again  rises  at  a  point  lower  down  on  the  river  above  Victorville,  where  the  gaging  station  is 
located.  Water  is  diverted  above  and  below  the  gaging  station,  but  is  again  returned  to 
the  river  channel.  There  are  several  artesian  wells  along  the  river  above  the  gaging  sta- 
tion, the  water  being  used  for  irrigation.  This  stream  does  not  discharge  in  any  lai^  quan- 
tity except  during  an  extremely  heavy  rainfall  in  the  winter  months.  The  precipitation 
throughout  this  basin  is  very  light,  with  the  possible  exception  of  the  higher  elevation  of 
the  San  Bernardino  Mountains,  where  there  is  a  considerable  fall  of  snow  during  the  winter 
months,  which  melts  in  the  early  spring. 

MOHAVE  RIVEB  AT  VICTOKVILLE,  CAL. 

Thb  station  was  established  February  27,  1899,  by  Bert  Cole.  It  is  located  in  the  town 
of  VictorviUe,  a  station  on  the  Atchison,  Topeka  and  Santa  Fe  Railroad,  where  the  Mohave 
River  paases  through  a  narrow  goi^  locally  known  as  the  "  Narrows."  This  place  has  been 
under  investigation  as  a  possible  dam  site,  and  soundings  for  the  depth  of  bed  rock  were 
made  by  the  United  States  Geological  Survey  during  the  season  of  1899.  The  greatest 
depth  of  bed  rock  was  found  to  be  54  feet.  The  diamond  drill  showed  the  rock  to  be  a  fine 
granite.  A  more  detailed  account  of  this  exploration  will  be  found  in  the  Twenty-first 
Annual  Report,  part  4.  Above  the  "Narrows"  the  valley  broadens  into  a  lai^e  reservoir 
site,  but  as  no  surveys  of  it  have  been  made  the  capacity  is  unknown. 

The  channel  is  straight  for  300  feet  above  and  below  the  section  where  the  rod  is  located. 
Both  banks  are  high  and  rocky  and  not  subject  to  overflow.  The  channel  is  composed  of 
sand,  which  is  constantly  shifting. 

During  medium  and  low  stages  discharge  measurements  are  made  from  a  low  foot  bridge 
or  by  wading.  During  floods  dischai^  measurements  are  made  from  the  county  bridge. 
The  mean  estimated  monthly  discharge  is  obtained  by  averaging  the  discharge  measure- 
ments made  during  the  year. 

Gage  readings  were  discontinued  in  1902.  On  March  1,  1905,  a  new  inclined  rod  was 
fastened  to  the  rock  on  the  left  bank  about  300  feet  above  the  county  bridge.  This  gage 
was  established  as  a  matter  of  interest  in  connection  with  the  discharge  of  the  stream  at 
high  stages.  There  is  no  relation  between  gage  readings  and  the  discharge,  as  the  bed  of 
the  stream  is  constantly  changing  at  different  stages  of  the  river.  During  1905  discharge 
measurements  were  made  twice  each  week,  and  the  gage  was  read  by  P.  H.  Leahy.  The 
bench  mark  is  a  bolt  sulphured  in  solid  rock  on  the  left  bank,  about  15  feet  from  the  Santa 
Fe  Railroad  track  and  40  feet  west  of  the  gage  rod.  It  is  20.45  feet  above  the  datum  of 
the  gage.  Elevation,  2,726.52  feet  above  sea  level,  as  established  by  connection  with  a 
standard  United  States  Geological  Survey  bench  mark  at  Victorville. 
.  Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  81,  100, 
and  134  of  the  United  States  Geological  Survey. 
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DaHtf  gage  height,  in  feet,  cf  Mohave  River  at  VidorviUe,  Cal.,far  1905. 


Day. 


Hftr. 


Apr. 


May. 

June. 

July. 

Aug. 

3.45 

4.0 

4.06 

4.0 

3.5 

4.0 

4.0 

4.0 

3.65 

4.0 

4.0 

4.0 

3.85 

4.0 

4.0 

4.0 

3.95 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.85 

4.0 

4.0 

4.0 

4.85 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.6 

4.0 

4.0 

4.0 

4.6 

4.0 

4.0 

4.0 

4.2 

4.0 

4.0 

4.0 

4.2 

4.05 

4.0 

4.0 

4.1 

4.05 

4.0 

4.0 

4.1 

4.05 

4.0 

4.0 

4.05 

4.05 

4.0 

4.0 

4.0 

4.05 

4.0 

4.0 

4.0 

4.05 

4.0 

4.0 

4.0 

4.05 

4.0 

4.0 

4.0 

4.05 

4.0 

4.0 

4.0 

4.05 

4.0 

4.0 

4.0 

4.05 

4.0 

4.0 

4.0 

4.05 

4.0 

4.0 

4.0 

4.05 

4.0 

4.0 

3.95 

4.05 

4.0 

4.0 

3.95 

4.05 

4.0 

4.0 

4.0 

4.05 

4.0 

4.0 

4.2 

4.05 

4.0 

4.0 

4.1 

4.05 

4.0 

4.0 

4.1 

4.05 

4.0 

4.0 

4.0 

4.0 

4.0 

Sept. 


let. 

Nov. 

4.1 

4.2 

4.1 

4.2 

4.1 

4.2 

4.1 

4.2 

4.1 

4.2 

4.15 

4.2 

4.15 

4.3 

4.15 

4.3 

4.15 

4.25 

4.15 

4.2 

4.15 

4.2 

4.15 

4.2 

4.15 

4.2 

4.15 

4.2 

4.15 

4.2 

4.16 

4.15 

4.2 

4.15 

4.2 

4.15 

4.2 

4.15 

4.2 

4.15 

4.2 

4.15 

4.2 

4.15 

4.2 

4.15 

4.2 

4.15 

4.2 

4.2 

4.2 

4.2 

4.2 

4.15 

4.2 

4.15 

4.2 

4.15 

4.2 

4.15 

4.2 

Pec 


4.0 
3.95 


3.95 
3.85 
3.85 
3.8 

8 3.8 

9 3.8 

K) 3.75 

11 3.75 

12 3.75 

13 9.95 

14 6.0 

15 5.0 

i« 5.05 

17 4.1 

18 4.05 

19 4.05 

20 4.05 

21 4.05 

22 4.05 

23 4.0 

24 4.0 

25 4.0 

35 4.0 

27 , 4.0 

28 1  3.85 

29 1  3.8 

3D 4.2 

31 1  3.9 

iBR  177—06 7 


3.9 

3.9 

^85 

3.9 

3.8 

3.75 

3.75 

3.4 

3.4 

3.65 

3.65 

3.65 

3.65 

3.65 

3.6 

3.6 

3.6 

3.6 

3.55 

3.65 

3.6 

3.6 

3.5 

3.5 

3.5 

3.5 

3.45 

3.45 

3.46 

3.46 


4.0 
4.0 
4.0 
4.0 
4.0 
.0| 
4.0, 
4.0  I 
4.0  1 
4.0  ' 
4.0; 
4.0 
4.0; 
4.0 
4.0 
4.0  I 
*4.0l 
4.0  I 
4.0 
4.0  , 
4.0  ; 
4.0  I 
4.0  1 
4.0  I 


4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 


4.16 

4.16 

4.15 

4.15 

4.15 

4.1 

4.1 

4.1 

4.1 

4.05 

4.05 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.06 

4.06 

4.05 

4.05 

4.05 

4.05 

4.05 

4.05 

4.05 

4.05 

4.05 

4.05 

4.06 

4.05 
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STBEAM   MEA8UBEMBNT8   EN   1905,  PART   XIH. 


DaUy  discharge,  in  feet, 

of  Mi 

^vel 

^iver  at  Vido 

rviUe, 

Vol.  J 

TTlOOi 

5. 

Day. 

Jan. 

56 

56 

•  56 

57 
58 

a58 
61 
64 
67 

o70 
70 
71 

o71 
68 
65 
62 

050 
50 
50 

050 
50 
50 
58 
57 

o56 
55 

Feb. 

00 
325 
005 
713 
•  822 
576 
328 

•  82 
84 
87 

•  90 
90 
90 
90 

o2,032 

1,387 

150 

o97 

96 

95 

•  95 
95 
95 
95 
95 
05 

Mar. 

100 

098 

o90 

90 

91 

o91 

88 

84 

81 

77 

0  74 

74 

05,410 

2,295 

O820 

a2,?50 

1.665 

O980 

920 

860 

800 

o740 

647 

553 

O460 

450 

0  340 

327 

315 

302 

290 

Apr. 

M.y. 

June. 

July. 

Aug. 

30 

•  30 
30 
29 

o29 
29 
29 
29 
29 
29 
29 
29 
29 
31 
31 
33 
33 
33 
33 
33 
36 
36 
36 
36 

o36 
33 
31 

o29 
31 
33 

o35 

Sept. 

Oct, 

Nov. 



Dec 

1 

263 

237 

211 

185 

150 

0  133 

133 

0  133 

133 

128 

ol23 

118 

110 

O104 

103 

98 

95 

o93 

86 

79 

75 

70 

65 

o60 

43 

48 

53 

058 

60 

60 

100 

a  151 

172 

195 

o218 

246 

272 

300 

o327 

296 

273 

o260 

224 

188 

ol52 

134 

116 

98 

O80 

75 

70 

o65 

63 

60 

58 

o55 

52 

0  48 

53 

57 

61 

063 
00 
67 
54 

o51 
50 
« 
47 

o46 
44 
41 

o39 
40 
41 

043 
43 
4.^ 
43 

043 
41 
39 
37 
35 
33 
31 

o30 
ol 
33 

o35 

35 
36 

o36 
35 
34 
33 

o32 
32 
32 
31 

o31 
29 
28 

027 
29 
31 
34 

•  36 
35 
33 

o32 
32 
32 
31 

ooO 
32 
J3 

o34 
32 
32 
32 

•  47 
44 

41 
38 

o3& 
35 
35 

.•35 
35 
36 

•  37 
38 
39 
40 

•  42 

40 

•  40 
40 
44 

•  49 

47 
45 
43 

•  41 
41 
41 

•  44 
44 
44 

47 

•  45 
65 
64 
72 

•  81 
76 
71 

•  06 
65 
64 
63 

•  62 
61 
59 

•  68 
00 
61 
02 
64 

•  65 
00 

•  73 
71 
70 

•  67 
67 
66 

•tf 

2 

6B 

3..  . 

61 

4 

n) 

6 

.75 

6 

G 

7 

67 

8 

,    .«7 

9 

1      ^ 

10 

1      « 

11 

1      « 

12 

1    •** 

13 

1       «7 

14 

;   "^ 

15 

•  73 

16 

«l        44 
42  1     ^44 

42  47 

•  43  1        50 

43  054 
43          63 

•  43          52 
42          51 
42  1     051 
42  1        51 

•  42  1        61 
42  1     o50 
42  j        50 

o42  t        50 

1       73 

17 

1       ^ 

18 

,       n 

19.. 

1     .71 

20 

!      70 

21 

66 

22 

'     .57 

23 

'       «7 

24 

1     -67 

25 

1       ^ 

26 

1     •** 

27 

a53           95 

1       64 

28 

54 
54 
55 

o56 

95 


'       62 

29 

1       00 

30 

42 

49 
•  49 

.58 

31 

£8 

o  Taken  from  discharge  measurements. 
Note.— Dally  discharge  obtained  by  interpolation  between  discharge  measurements. 

Estimated  monthly  discharge  of  Mohave  River  at  VictorviUe,  Cal.,  for  1906. 


Month. 


January 

February 

March 

April 

May 

Juno 

July 

August 

8eptemb«r 

October 

November 

December 

The  year 


Discharge  m  second-feet. 


Maximum.   Minimum.      Mean. 


71 

2,032 

5,410 

263 

327 

63 

36 

36 

47 

54 

81 

73 


5.410 


60.1 
300 

095 

110 

146 
43.4 
32.3 
31.6 
40.0 
46.5 
64.0 
67.0 


ToUl  in 
acre-feet. 


3,696 
17.160 
42,734 
6,645 
8,977 
2,683 
1,986 
1,943 
2,380 
2,859 
3,808 
4,120 


137 


98,790 
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SOUTHERN  PACIFIC  OCEAN  DRAINAGE. 

GENERAL  FEATURES. 

Tlie  Soathem  Pacific  Ocean  drainage  includes  those  streams  south  of  San  Francisco  Bay 
whose  waters,  in  times  of  flood  at  least,  reach  the  Pacific  Ocean. 

SAN  LUIS  REY  mVER  DRAINAGE  BASIN. 
DESCBIPTIOK  OF  BASIK. 

The  San  Luis  Rey  River  rises  on  the  western  slope  of  the  Coast  Range  in  the  northern 
portion  of  San  Diego  County,  and,  flowing  in  a  westerly  direction,  discharges  its  waters 
into  the  Pacific  Ocean  near  the  town  of  Oceanside.  It  has  numerous  small  tributaries) 
none  of  which  have  their  sources  at  elevations  above  5,000  feet.  On  the  upper  reaches 
of  this  stream  the  country  is  rolling,  with  several  small  valleys  which  are  under  cultivation, 
being  used  principally  for  the  raising  of  grain  and  the  pasturage  of  stock.  At  a  point 
below  what  is  known  as  Warner's  ranch  reservoir  site  the  river  flows  through  a  deep, 
narrow  canyon,  with  a  heavy  grade  for  a  distance  of  about  10  miles,  below  which  point 
the  grade  is  li^t  and  the  discharge  is  over  a  sandy  and  gravelly  bed,  where  the  water 
aooD  disappears,  again  rising  in  small  quantities  near  the  town  of  Pala,  where  the  gaging 
station  is  located.  Below  this  point  it  flows  for  a  distance  of  about  25  miles  on  a  light 
grade  to  the  Pacific  Ocean.  There  is  a  good  soil  covering  throughout  this  basin,  with  a 
considerable  growth  of  brush  and  grass,  and  with  small  areas  of  timber  on  the  extreme 
higher  elevations.  The  water  is  diverted  at  several  points  along  this  stream  for  irriga- 
tion, a  considerable  quantity  being  diverted  from  the  canyon  above  the  gaging  station 
and  used  in  the  vicinity  of  E^scondido,  which  lies  in  an  entirely  separate  drainage  basin. 
This  stream  is  torrential  in  its  character,  the  discharge  being  very  light  except  during 
the  winter  season,  in  times  of  heavy  rainfall.  The  mean  precipitation  varies  from  10  to 
20  inches  and  falls  principally  in  the  form  of  rain,  there  being  only  a  light  fall  of  snow 
pn  the  extreme  higher  elevations,  which  soon  melts  and  only  adds  to  the  flood  discharge. 

BAir  LUIS  EEY  RIVEB  NEAB  PALA,  GAL. 

This  station  was  established  October  9,  1903,  by  W.  B.  Clapp.  It  is  located  at  Sickler's 
mill,  4  miles  above  Pala,  Cal.  It  is  reached  by  driving  from  Fallbrook  or  Temecula,  sta- 
tk»ns  on  the  Southern  California  Railway,  18  and  13  miles  distant,  respectively. 

The  channel  is  straight  for  about  800  feet  above  and  2,000  feet  below  the  station.  The 
grade  of  the  stream  is  0.60  foot  in  100  feet.  The  current  is  swift.  The  right  bank  rises 
abruptly  about  15  feet  beyond  the  oak  tree  to  which  the  cable  is  fastened  and  is  not 
b'able  to  overflow.  The  left  bank  is  low,  but  is  not  liable  to  overflow.  It  was  once  a 
portion  of  the  river  channel,  but  is  now  well  above  high-water  marks.  The  bed  of  the 
stream  is  rocky  in  portions  of  the  flood  channel,  but  the  low-water  channel  is  clear  of 
rocks.  There  is  a  considerable  growth  of  small  timber  in  the  channel,  but  this  has  been 
cleared  the  entire  width  of  the  cross  section  for  a  distance  of  100  feet  above  and  50  feet 
below  the  station.  This  timber  growth  is  not  permanent,  being  washed  out  by  floods 
every  few  years. 

Discharge  measurements  are  usually  made  by  wading.  During  high  water  they  are 
made  from  a  car  suspended  from  a  cable  stretched  across  the  river  at  the  gage.  The 
initial  point  for  soundings  is  the  base  of  the  oak  tree  to  which  the  left  end  of  the  cable 
is  fastened. 

The  gage  is  an  inclined  staff  fastened  to  tree  stumps  and  stakes  at  the  left  bank  of  the 
river.  During  1905  the  gage  was  read  once  each  day  by  M.  M.  Sickler.  The  bench  mark 
is  a  United  States  standard  bronze-capped  iron  post  set  flush  with  the  ground  on  the 
r^t  bank  of  the  river  and  the  north  side  of  the  wagon  road,  and  about  50  feet  west  from 
the  line  of  the  cable  prolonged.  Its  elevation  is  557  feet  above  mean  sea  level  and  26.98 
feet  above  the  datum  of  the  gage. 
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Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  100 
and  134  of  the  United  States  Geological  Survey. 

Discharge  measuremenis  of  San  Luis  Rey  River  near  Pala,  Cal.^  in  1905. 


Width. 

Area  of 
section. 

Mean 
velocity. 

bei^ 

Fe^. 
2.25 
2.72 
4.75 
7.50 
2.64 
2.64 
1.80 
1.20 
1.10 
1.40 
.55 

Date. 

Hydrographer. 

Db- 
diarKB. 

February  8 

B.C.  La  Rue 

Feet. 
44 

51 

100 

188 

67 

68 

44 

41 

40 

43 
3.0 
3.6 
3.5 
3.5  1 
3.5  1 
3.5  1 
3.5 

Sq.ft. 
43 
70 
204 
679 
100 
96 
42 
26 
21 
25 
1.7 
1.7 
1.6 
1.6 
1.5 
1.5 
1.4 

Ft.pertec. 
2.51 
2.69 
3.60 
7.14 
3.05 
3.11 
2.48 
1.88 
1.90 
2.28 
2.06 
1.74 
2.00 
2.06 
1.80 
1.80 
1.78 

Stc-fi. 
108 

February  17.... 

F.M.Siekler 

188 

February  18  . . . 

do 

73S 

March  17 

do           

5,  ISO 

March  22. 

March  22. 

April  11 

R.S.Hawley 

F.  M.  SIcklcr 

do 

306 
2» 
104 

May  15 

do 

49 

May  17 

do.   . 

40 

May  2a 

"  \ 

do 

57 

July6 

do 1 

8.5 

Augusts 

August  19 

R.  S.  Ilttwlry ' 

M.M.Sicklcr 

do 1 

3 
3.2 

August  26 

3.3 

September  2... 

do ! 

do 

do 

i7 

Sept  ember  9... 

17 

September  16... 



15 

September  21... 

D.W. Murphy 



11 

September  23... 

October  28 

December  27 ...  j 
December  29,..' 

F.M.Siekler 

do 

do ! 

do i 

3.5  ' 
3.5  1 

7      1 

10.9    ; 

1.4 
1.6 
4.1 
6.7 

2.00 
2.25 
3.15 
1.40 



.42 

.53 
.63 
.61' 

IS 
3.6 
119 
9.4 

1 

aChaunel  so  uncertain  from  July  11  to  September  23  that  no  readings  were  made. 
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EstimaUd  monthly  discharge  of  San  Luis  Rey  River  near  PcHa,  Col.,  for  1903-1906. 


Month. 


1903. 


October  (23 days):. 

November 

December 


The  period . 


J&BUBry 

February.. 

March 

April 

May 

Jtnw 

July 

August 

September. 

October 

November. 
December.. 


The  year. 


January 

February . . 

March 

April 

May 

June 

July 

August 

September. 

f^ctober 

November. 
December.. 


The  year. 


Discharge  in  second-feet. 


Maximum.  Minimum. '    Mean 


1.5 
1.5 
1.5 


1.5 
2.5 
348 
104 
35 
12 
9 
2 
2 
13 
3 
5.5 


348 


66 
711 
4,265 
139 
282 
35 
9 

3.5 
3.0 
3.8 
96.0 
47.0 


4,265 


1.0 
1.0 
1.0 


1.5 

1.5 

1.5 
20 
12 

9 

3 

2 

2 

2 

2 

2 


3 
13 

2 
27 
27 
11 

3 

3 

2.5 

2.8 

3.8 
10 


1.1 
1.4 
1.2 


Total  in 
acre-feet. 


1.5 
2.0 
41.6 
43.6 
16.2 
10.8 
3.8 
2.0 
2.0 
2.5 
2.4 
3.7 


11.0 


2.0 


19.1 
151 
336 
64.9 
88.1 
23 

4.1 

3 

2.6 

3.2 
17.8 
18.3 


0.9 


50 
83 
74 


92 
115 
2,558 
2,595 
996 
643 
234 
123 
119 
154 
143 
227 


7,999 


1,174 

8,386 

20,660 

3,862 

5,417 

1,369 

252 

184 

1.55 

197 

1,059 

1,125 


43,840 


Note.— The  eatlmated  monthly  discharge  is  approximate  only. 
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94  STREAM   MEASUREMENTS   IN   1905,  PART   XHI. 

SANTA  ANA  RIVER  DRAINAGE  BASIN. 
DESOEIFTIOH  OF  BASIH. 

Santa  Ana  River  has  its  source  in  the  southern  slope  of  the  San  Bernardino  Moun- 
tains and,  flowing  in  a  southwesterly  direction,  traverses  San  Bernardino  Valley,  belov 
which  it  breaks  in  a  narrow  canyon  through  the  Santa  Ana  Mountains,  finally  dischaiging 
its  waters  through  Santa  Ana  Valley  into  the  Pacific  Ocean  below  the  town  of  Santa  Ada. 
This  stream  has  numerous  tributaries  which  rise  in  the  southern  slope  of  the  San  Bernardino 
Mountains,  the  surface  flow  of  most  of  which  only  reach  Santa  Ana  River,  where  it  traverses 
San  Bernardino  Valley  in  times  of  flood  discharge.  The  topography  on  the  higher  eleva- 
tions is  rough  and  rugged,  reaching  elevations  of  from  10,000  to  12,000  feet,  the  formation 
being  of  granite  with  good  soil  covering  and  considerable  growth  of  timber.  On  the  lower 
elevations  the  topography  is  less  rough  and  the  soil  covering  is  principally  of  brush.  A 
gaging  station  is  located  on  this  stream  at  a  point  known  as  Warm  Springs,  a  distance  of 
about  8  miles  above  Redlands.  Below  this  station  the  river  leaves  the  mountainous  country 
and  dischaiiges  over  a  sandy  and  gravelly  bed  through  San  Bernardino  Valley.  Durii^  the 
summer  months  the  entire  flow  of  the  stream  is  diverted  above  this  gaging  station  and  used 
for  power  development  at  the  mouth  of  the  canyon,  below  which  point  it  is  again  taken  out 
and  used  for  irrigation  on  the  higher  elevations  of  San  Bernardino  Valley  along  the  base  of 
the  mountains  where  the  country  is  under  a  high  state  of  cultivation,  used  principally  for 
the  raising  of  citrus  fruits.  The  water  rises  to  the  surface  in  San  Bernardino  Valley  near 
the  city  of  San  Bernardino  and  is  diverted  and  used  extensively  for  irrigation  in  the  neigh- 
borhood of  Riverside.  In  addition  to  this  surface  flow  a  large  number  of  wells  have  been 
sunk  in  this  territory,  many  of  which  are  artesian,  and  from  others  the  water  is  being  pumped. 
This  developed  water  is  also  used  extensively  for  irrigation  in  the  vicinity  of  San  Bernardino 
and  Riverside.  The  water  is  again  forced  to  the  surface  by  bed-rock  obstructions  at  River- 
side Narrows  below  the  city  of  Riverside,  and  gradually  increases  in  volume  until  it  reaches 
Santa  Ana  Canyon,  where  it  is  diverted  for  irrigation  on  the  lower  valley  lands  in  the  vicinity 
of  Santa  Ana  and  Fullerton.  During  the  summer  months  measurements  are  made  <rf  the 
flow  at  Rincon,  Cal.,  at  the  head  of  Santa  Ana  Canyon.  There  are  only  occasional  flood 
discharges  of  this  river  which  flow  continuously  from  the  mountain  to  the  sea.  The  mean 
precipitation  throughout  this  basin  is  from  15  to  30  inches,  which  falls  in  the  form  of  rain 
except  on  the  higher  elevations  of  the  San  Bernardino  Mountains,  where  there  is  a  consider- 
able snowfall,  which  usually  remains  on  the  extreme  high  elevations  until  midsummer.  A 
storage  reservoir  has  been  constructed  on  Bear  Creek,  a  tributary  of  this  stream,  and  is 
known  as  the  Bear  Valley  reservoir.  This  stored  water  is  held  until  the  summer  months 
and  used  for  irrigation  in  San  Bernardino  Valley. 

8AKTA  AHA  RIVER  NEAR  KEKTOKE,  OAL. 

This  station  was  established  in  June,  1896.  It  is  located  5  miles  northeast  of  Men  tone, 
Cal.,  three-fourths  of  a  mile  below  the  headworks  of  the  Mentone  Power  Company's  canal, 
and  opposite  the  warm  springs  in  the  canyon. 

The  Edison  Electric  Company  diverts  the  greater  portion  of  the  water  from  Santa  Ana 
River  above  the  gaging  station,  but  also  returns  all  of  it  above  the  station.  They,  how- 
ever, allow  only  limited  portions  of  the  water  to  pass  out  of  their  conduits  during  certain 
hours  of  the  day,  holding  back  the  water  for  the  purpose  of  obtaining  additional  power 
when  the  greatest  demand  exists. 

The  Mentone  Power  Company's  canal,  formerly  called  the  Santa  Ana  canal,  diverts  water 
above  the  station,  all  of  which  is  returned  below  the  point  of  measurement.  During  the 
low-water  season  the  entire  flow  of  the  river  is  diverted  by  the  canals. 

The  channel  is  straight  for  100  feet  above  and  below  the  station,  and  has  a  width  of  22  feet 
at  low  and  125  feet  at  high  stages.  The  current  is  swift  at  all  stages.  The  right  bank  is 
low  and  is  liable  to  overflow  at  flood  stages  for  about  100  feet.    The  left  bank  is  low  but  is 
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not  liable  to  overflow.  Both  banks  are  overgrown  with  alders.  The  bed  of  the  stream  is 
oomposed  of  firm  sand  and  small  bowlders.  It  is  subject  to  considerable  change  during 
flood  stages. 

Discharge  measurements  are  made  by  means  of  a  cable  and  car.  The  initial  point  for 
soundings  is  the  bench-mark  spike  set  in  the  north  side  of  a  cottonwood  tree  on  the  left  bank, 
90  feet  west  of  the  tree  to  which  the  cable  is  fastened.  At  flood  stages  the  velocity  is  so 
hi^  that  measurements  can  be  made  only  by  means  of  floats. 

The  gage  is  an  inclined  timber  fastened  to  a  large  bowlder  on  the  left  bank  100  feet  above 
the  cable.  The  channel  was  deepened  by  a  flood  March  31, 1903,  and  the  gage  was  accord- 
in^y  lowered  to  reach  low-water  stages  June  30, 1903.  During  1905  the  gage  was  read  once 
each  day  by  A.  Laird.  The  bench  mark  is  a  spike  in  the  north  side  of  the  cottonwood  ti^ce 
on  the  left  bank,  30  feet  west  of  the  tree  to  which  the  cable  is  fastened;  elevation,  7.29  feet 
above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  81, 100, 
and  134  of  the  United  States  Geological  Survey. 

DMuir^  measurements  of  Santa  Ana  River  near  Mentonej  Cal.,  in  1906. 


Date. 


Hydrographer. 


Gage 

height  of 

river. 


DiBchftfge. 


River. 


Men  tone 
Power 
Com- 
pany's 


Total  for 
River. 


February  13 . . .   Clapp  and  La  Rue. 


February  21. . . 
February  22... 
February  23. . . 
March  14  a.  m . 
March  14  p.m. 
March  15  a.  m . 


E.  C.  La  Ruo. 

....do 

....do 

....do 

....do 

....do 


March  15p.m..| do 

'March 30 R.  8.  Hawley. 

April  14»1  p.m. do 

May  17 ' do 

June?. I do 

June  26. ' do 

July* do 


Feet. 
1.15 
1.70 
1.65 
1.65 
2.60 
2.50 
2.30 
2.10 
1.90 
1.95 
2.25 
2.20 
1.43 
1.40 


Sec.-ft. 
10 
17 
10 
11 
188 
138 
132 
113 
81 
86 
HI 
79 
4 
3 


Sec.-ft. 
40  ' 

74  I 
71  I 
63 

0 
50 
57 
57 
46 

1 
37 

0 
66 
61 


See.-ft. 
50 
91 
81 
74 
188 
188 
189 
170 
127 
87 
14S 
79 
70 
64 


Digitized  by  LjOOQIC 


96  STBEAM  MEASUBEMENTS   IN   1905,  PABT   XUI. 

DaUy  gage  height ,  in  feet ^  of  Santa  Ana  River  near  Mentone,  Cat.,  for  1906, 


Day. 

Jan. 

Feb. 

Mar. 

1.3 
1.3 
1.3 
1.3 
1.3 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.3 
3.4 
2.6 
2.35 
2.4 
2.5 
2.6 
2.5 
2.6 
1    2.5 

:   2.4 

1.9 
1.9 
1.8 
1.65 
1.5 
2.0 
1.8 
1 

Apr. 

May. 

Juno. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

0.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 

2.0 

1.0 
.85 
.85 
.85 
.85 
.85, 
.8 
.8 
.8 
.8 
.8 

1.65 
.8.> 
.85 
.85 
.85 
.85 
.85 
.85 
.8 
.8 
.8 

0.8 

2.5 

2.3 

2.8 

3.0 

1.9 

1.9 

1.75 

1.5 

1.5 

1.35 

1.25 

1.15 

1.1 

1.1 

2.8 

2.1 

1.9 

1     1.9 

1.8 

'     1.7 

!   '■' 

1   '-^ 

1.25 
t     1.35 

1     1.3 

1 

C.Z'. 

1 

1 

1.7 

2.05 

2.05 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.3 

1.3 

1.3 

,.3 

2.2 

2.0 

2.1 

1.15 

1.2 

1     1.4 

1.4 

1.3 

1.3 

!     1.3 

'     1.25 

!     1.2 

1    1.2 

1.3 
2.2 
2.0 
2.0 
1.9 
1.9 
2.0 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.5 
2.5 
2.6 
.6 
2.5 
2.6 
2.6 
2.5 
2.2 
2.2 
2.1 
2.3 
'2.2 
,2.2 
2.4 
2.4 
2.4 

'2.4 

j 

2.3 

2.3 

2.3 

2,3 

2.3 

2.25 

2.25 

2.2 

2.2 

2.2 

2.15 

1.6 

1.75 

1.6 

1.45 

1.45 

1.6 

1.6 

1.55 

1.55 

1.45 

1.45 

1.45 

1.45 

1.45 

1.45 

1.45 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.35 

1.4 

1.35 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.35 

1.35 

1.4 

1.35 

1.35 

1.35 

1.35 

1.8 

2.5 

2.9 

1.7 

1.5 

L5 

2 

L5 

3 

1.4 

4 

1.4 

6 

1.4 

6 ! 

1.4 

7 

8 

1.4 
1.4 

9 

1.4 

10. 

1.4 

11 

1.4 

12 

1.4 

13 

1.4 

14. 

1.4 

15 

L4 

16 

1.4 

17 

1.4 

18 

1.4 

19 

1.6 

20 

2.2 

21 

1.6 

22 

1.5 

23 

1.5 

24 

1.5 

25 

1.6 

26 

1.5 

27 

1.5 

28 

l.S 

29 

2.0 

30 

1.6 

31 

1.5 

Station  rating  table  for  Santa  Ana  River  near  Mentone,  Cat.,  from  January  1  to  February  /7, 

1905. 


OaKe 
height. 

Discharge 

(lagc 
heiglit. 

Feet. 

Discharge. 
Second-feet. 

Gage 
heiglit. 

,     Feet. 

Discharge. 

Gage 
height. 

,     Feet. 

Discharge. 

Feet. 

Second- feel. 

Second-feet 

Second-feet. 

0.80 

1 

1.40 

•23 

I        2.00 

80 

2.60 

170 

0.90 

2 

1.50 

29 

1        2. 10 

93 

1       2.70 

186 

1.00 

6 

1.60 

37 

1        2.20 

106 

1        2.80 
1        2.90 

202 

1.10 

8    ^ 

1.70 

47 

1        2.30 

122 

218 

1.20 

12 

1.80 

67 

1        2.40 

138 

\        3.00 

234 

1.30 

17 

1.90 

68 

1        2.60 

154 
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Station  rating  table  for  Santa  Ana  River  near  Mentone,  Col.,  from  February  18  to  March  12 
and  from  June  1  to  December  31  ^  1905. 


Gage 

heig&t. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

FeeL 

Second-feet. 

Feet. 

i     Feet. 

Second-feet.. 

Feet. 

Second  feet. 

1.30 

1 

2.00 

48 

2.70 

164    1 

3.40 

290 

1.40 

3 

2.10 

02 

2.80 

182 

3.50 

306 

1.50 

6 

2.20 

78 

2.90 

200    1 

3.60 

326 

1.60 

11 

2.30 

94 

3.00 

218    1 

3.70 

344 

1.70 

17 

2.40 

110 

3.10 

236 

3.80 

362 

1.8D 

25 

2.50 

128 

3.20 

254 

3.90 

380 

1.90 

35 

2.60 

1 

146 

i        3.30 

272 

Station  rating  table  for  Santa  Ana  River  near  Mentone,  Cal.y  from  March  IS  to  May  31  j  1905. 


G 
heigl 


age 

ight. 


Feet. 
0.80 
0.90 
1.00 
1.10 

.  1.20 
1.30 
1.40 
1.50 


Discharge. 

Gage 
height. 

Second-feet. 

Feet. 

1 

1.60 

2 

1.70 

4 

1.80 

8 

1.90 

13 

2.00 

20 

2.10 

28 

2.20 

36 

2.30 

1 
Discharge. 

Gage 
height. 

Second-feet. 

Feet. 

46 

2.40 

56 

2.50 

68 

2.60 

80 

2.70 

92 

2.80 

106 

2.90 

120 

3.00 

135 

3.10 

Discharge. 

Gage 
height. 

Second-feet. 

Feet. 

151 

3.20 

168 

3.30 

185 

3.40 

202 

3.50 

219 

3.60 

236 

3.70 

253 

3.80 

270 

Discharge. 


Second-feet. 
287 
304 
321 
338 
355 
362 
379 
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DaUy  discharge,  in  seetrnd-fut,  cfSanUa  Ana  canal  near  MenUme,  Cat.,  for  1906. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July.' 

Aug. 

Sept. 

Oct. 

Nov. 

Dtc. 

1 

22 
22 
21 
21 
21 
22 
21 
20 
0 
61 
54 
41 
41 
31 
31 
27 
29 
33 
25 
27 
66 
61 
49 
40 
31 
29 
27 
25 
25 
25 
25 

25 
64 
64 
0 
0 
22 
42 
37 
37 
35 
43 
26 
28 
29 
35 
29 
32 
42 
70 
70 
70 
74 
74 
66 
66 
58 
51 
58 

60 

57 

60 

60 

60 

5? 

57 

54 

51 

48 

48 

51 

0 

0 

0 

97 

78 

0 

0 

0 

0 

78 

66 

78 

78 

60 

85 

85 

78 

42 

57 

57 
0 
0 

54 

63 
63 
63 
72 
78 
78 
72 
66 
66 
63 
57 
43 
0 
0 
0 
71 
66 
66 
66 
66 
71 
71 
66 
66 
71 
76 

71 
66 
66 
56 
58 
73 
51 
56 
66 
76 
76 
76 
76 
0 
0 
71 
71 
71 
36 
36 
32 
29 
29 
29 
0 
0 

0 
0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

66 

43 

71 

71 

71 

68 

68 

68 

68 

68 

68 

68 

68 

68 

68 

68 

63 

63 

63 

63 
61 
61 
61 
61 
61 
58 
58 
56 
56 
58 
61 
63 
66 
66 
63 
63 
63 
61 
61 

6^ 
61 

61 
61 
56 
56 

53 
53 
51 
61 
61 
61 
63 
63 
63 
63 
63 
63 
66 
68 
68 
71 

;; 

81 
56 
56 
56 
56 
73 
73 
73 
76 
76 
76 
73 
73 

66 
63 
63 
63 
66 
66 
66 
61 
61 
63 
73 
76 
76 
78 
78 
78 
78 
78 
73 
68 
68 
61 
68 
68 
51 
56 
56 
66 
66 
66 

61 
61 
56 
56 
51 
46 
46 
41 
56 
46 
46 
61 
66 
56 
61 
56 
51 
46 
43 
41 
41 
46 
41 
41 
46 
46 
41 
41 
41 
41 
41 

46 
32 
32 
32 
32 
36 
41 
46 

I 

2B 
30 
32 
30 
3D 
29 
29 
29 
29 
29 
34 
32 
3D 
29 
30 
30 
41 
50 
41 
32 

M 

2 

Xt 

3 

)4 

4 

a 

5 

3! 

0 

S 

7 

r 

8 

£ 

9 

10 

33 

30 

11 

3! 

12 

33 

13 

29 

14 

» 

16 

22 

16 

» 

17 

30 

18 

9 

19 

9 

20 

29 

21 

32 

22 

35 

23.. 

25 

a* 

as 

26 

25 

26 

25 

27 

29 

28 

38 

29 

30 

30 

29 

31 

27 

Estimated  morUhly  discharge  of  Santa  Ana  a  River  near  Mentone,  Cal.,  for  1906. 
[Drainage  area,  182  square  miles.] 


Month. 


Maximum.    Minimum. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year. 


Discharge  in  second-feet. 


106 

234 

321 

120 

256 

94 

09 

82 

79 

67 

260 

107 


Mean. 


36.6 
97.6 

130 
90.5 

172 
77.7 
62.9 
66.8 
68.3 
49.2 
47.5 
38.4 


78.1 


.Total  in 
acre-feet. 


2,251 
5,420 
7,993 
5,385 
10,580 
4,624 
3,867 
4,107 
4,064 
3,025 
2,827 
2,362 


56,500 


Run-off. 


Second-feet 

per  square 

mUe. 


0.201 
.636 
.714 
.497 
.945 
.427 
.346 
.367 
.375 
.270 
.261 
.211 


.429 


Depth 
in  inches. 


0.232 
.556 
.833 
.5M 

1.09 
.476 
.390 
.423 
.418 
.311 
.291 
.243 


5.82 


a  Including  Mentone  Power  Company's  oanaL 
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SIX7A0X  HXABVSXHEIITB. 

In  Uie  viciiiity  of  Colton  and  San  Bernardino  lai^  quantities  of  water  are  developed  in 
addition  to  the  natural  surface  flow.  This  water  is  used  for  the  irrigation  of  land  in  the 
vicinity  of  San  Bernardino,  Colton,  and  Riverside,  and  also  for  domestic  supply  for  these 
towns.  Much  of  this  water  returns  to  Santa  Ana  River  below  Riverside,  above  a  point 
known  as  Sk>ver  Mountain  and  is  again  diverted  and  used  for  irrigation  on  the  lower  lands 
below  Riverside,  and  above  what  is  known  as  Riverside  Narrows.  Below  this  point  there 
are  still  further  diversions  which  irrigate  the  lower  lands  along  the  river  bottom,  much  of 
this  water  again  returning  to  the  river  above  Rincon.  Measurements  were  made  during 
the  summer  of  1905  to  determine  the  amount  of  water,  including  the  natural  flow  and 
developed  water,  above  Colton,  Gal.  Also  measurements  were  made  of  natural  flow  and 
developed  water  below  Slover  Mountain  and  above  Riverside  Narrows,  this  all  being  return 
water  from  irrigated  lands  on  the  higher  elevations.  Measurements  were  also  made  of 
diversion  ditches  and  Santa  Ana  River  below  Riverside  Narrows  and  above  what  is  known 
as  the  Aubumdale  Bridge.  The  following  tabulations  show  the  result  of  these  measure- 
ments which  were  made  by  K.  Sanborn,  of  Riverside,  CaL 

Natural  jUno  cf  return  water  to  Santa  Ana  River  in  second-fed,  compared  with  developed 
water  in  San  Bernardino  VaUey  above  Colton,  Cat.,  1906. 

[Meamirements  by  K.  Sanborn,  engineer  Riverside  Water  Company.] 


Date. 


JimeS 

September  37. . 

June  10 

September  2... 

Jam  16 

September  27. . 

June  10 

September  27. . 

Jmjel9 

September  27.. 

Juiie9 

September  27. . 
September  27.. 

May  31 

August  14 

JmielO 

AngnstH 

June  10 

September  4. . . 

May  30 

September  28.. 

May  31 

August  14 

May  31 

September  2. . . 

lUy» 

September  4 

June  2 

Septembers. 

Joneft , 

September  4. 


Location. 


Bamhin  pumping  plant 

....do 

Beam  ditch 

....do 

Bloomington  pumping  plants 

....do 

City  of  San  Bernardino,  Sixth  street  pumping  plant. 

....do 

Cty  of  San  Bernardino,  Lytle  Creek 

....do : 

City  of  Colton  pumping  plant  (total) 

City  of  Colton  (water  used  for  irrigation) 

City  of  Colton  pumping  plant  (total) 

(Tamp  Carlton  ditch 

....do 

Can*  pumping  plant 

....do 

Daley  ditch 

....do 

Excelsior  Land  and  Water  (^ 

....do 

Grand  Terrace  Pumping  Co.  pumping  plant 

....do , 

Gage  canal.  Palm  avenue  weir 

....do 

Gage  canal  intake,  Santa  Ana  River 

....do 

Haws  dc  Tahnadge  ditch 

....do 

Hunter  pumping  plant 

.-..do ; 


jQne9 Johnaondc  Hubbard  pumping  plant. 


Developed. 

8ee-.ft. 
1.10 
.80 


6.02 
7.20 
L99 
4.80 


3.81 
L20 
2.70 
2.60 
1.20 
.72 
.00 


.65 
.40 
.54 
.00 
28.83 
32.70 


LOO 
LOO 
.50 


Natural. 


atc.'ft. 


0.00 
.UU 


2.04 
LOO 


Total. 


See.-ft. 

1.10 

.80 

.00 

.00 

6.62 

7  20 

LOO 

4.80 

2.04 

L90 

3.81 

1.20 

2.70 

2.60 

1.20 

.72 

.60 

.00 

.00 

.65 

.40 

.54 

.00 

28.83 

32.70 

.00 

.00 

.00 

.00 

LOO 

1.60 

.60 
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Natural  flow  of  reiwm  water  to  Santa  Ana  River  in  ^condrfeetj  compared  with  devdoped 
water  in  San  Bernardino  VaUey  above  Colton,  Cal.,  1905 — Continued. 


Date. 


September  4... 

June  9 

September  27. . 

June  9 

September  27. . 

June  10 

September  2... 

June  10 

(September  27.. 

May  30 

September  28. . 

June  2 

September  5. . . 

June  9 

September  2... 

June  16 

September  28. . 

June9 

September  27. . 

June  16 

September  28. . 

May  31 

September  4... 

June  16 

September  27. . 

June  2 

September  5. . . 

May  31 

August  31 ..... 

May  31 

August  31 

May  31 

August  31 

May  26 

August  31 

May28 

August  31 

June  6 

September  28. . 

Juno  6 

August  31 

June  2 

September  6... 

May  31 

August  14 

June  6 

September  28. . 

June  19 

September  2. . . 

June  6 

September  4... 

May  31 

September  4... 


Location. 


Johnson  &  Hubbard  pumying  plant 

Lamb  pumping  plant 

do 

Lawson  Well  Co.  pumping  plant 

....do 

Logsdon  &  Farrell  ditch 

....do 

Lytic  Creek  Water  and  Improvement  Co 

....do '. 

Merryflcld  pumping  plant 

do 

McKenaie  ditch 

....do 

Meeks  &  Daley  ditch 

....do 

Mclntyre  ditch 

....do 

Orange  Land  and  Water  Co.  pumping  plant 

....do 

Riverside  Highland  Water  Co.,  Lytle  Creek 

....do 

Riverside  Highland  Water  Co.,  SanU  Ana  River. . 

....do 

Rancheria  pumping  plant 

....do 

Rabel  ditch 

....do 

Riverside  Water  Co.,  upper  canal 

....do 

Riverside  Water  Co.,  mill  pumping  plant 

....do 

Riverside  Water  Co.,  mill  flume 

do 

Riverside  Water  Co.,  flume  pump  No.  1 

....do 

Riverside  Water  Co.,  flume  pump  No.  2 

do 

Rosedale  Water  Co.  pumping  plant 

do 

Rogers  pumping  plant 

do 

Shay  or  Stout  Dam  ditch , 

do 

Swamp  ditch 

....do : 

West  Riverside  3.')0-ineh  Water  Co.  pumping  plant 

do 

Whitlock  ditch 

....do 

Whiting  ditch .^ 

....do 

Ward  and  Warren  ditch 

do 


Developed. 

Sec.-ft. 
0.30 
.30 
.00 
.63 
.60 


.00 
.00 
.67 
.40 


.00 
1.60 
7.05 
8.00 
6.36 
7.60 
1.24 
1.10 


25.33 

21.20 

.92 

1.30 


.3.95 
3.60 
3.18 
3.00 
.30 
.00 


.00 


2.00 
5.60 


Natural. 


Sec. -ft. 


p.  00 
.00 


.00 
.00 
15.70 
15.50 
.00 
.00 


.40 


.00 

.00 

24.a'> 

12.90 


2.24 
.00 


.00 


.00 


oogk 
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Behim  vxstera  in  San  Bernardino  V  alley  below  Slover  Mountain  and  above  Riverside  Nar^ 

.    'TywSf  1905. 

[Mensurements  by  K.  Sahbom',  cpj^neerilhrpraido  Water  Company.] 


Date. 


May  27. 


August  11 . 

June  6 

October  4.. 
May  27 ... . 


August  11 . 
May  29 ... . 
August  11 . 
May  29.... 
August  9 . . 
May  30.... 
August  11  . 
May  27 ... . 


September  S. 

June  19 

October  4 

May  30 

August  14 

May30 

August  14 

May29 

August  15 

May  30 


September  5. . 

JuneO 

October  4 

May  29 

August  l.> 

June  15 

September  22. 

June  19 

October  4 

May29 


August  14 . 
May27.... 
Augusta. 
May  27 ... . 
August  11 . 
May  29 ... . 
August  n  . 
May  30 ... . 
August  14 . 


Locatiou. 


De/eloped.    Natural. 


Alvitrex  ditch  at  headgate,ea8t  end  of  West  River^ 
side  Bridge. 

do 

Cuttle's  pumping  plant 

do : 

Evans  Island  or  Jansen  ditch,  under  west  end  of 

West  Riverside  Bridge. 
do 

Evans  ditch,  near  Riverside  County  line 

....do 

Evans  Well  ditch,  Santa  Ana  street 

do 

Evans  pipe  line  to  China  garden  at  head  works 

do 

Evans  pumping  plant.  1,000  feet  south  of  west  end 

of  West  Riverside  Bridge. 
do 

Evans  Junipa  pumping  plant  at  wier  end  of  main. . 

Evans  J urupa  pumpmg  plant 

Ferris  Gallagher  ditch,  near  head  works 

...do 

Gallagher  ditch,  near  headworks 

...do 

Jurupa  pumping  plant,  to  supply  Rubidoux  ditch.. 

....do 

Lower  Canal  Riverside  Water  Co.  at  flume  at  head- 
works. 
do 

Pond's  pumping  plant 

do 

Rubidoux  ditch  at  measuring  box 

'  ...do 

Riverside  Power  Co.  canal  at  Podley  crossing 

....do 

Rivero  Land  Co.  pumping  plant 

....do 

Smith  or  Evans  ditch,  1  mile  below  Riverside  County 
line. 

....do 

Soquel  ditch  at  intake 

....do :. 

Spring  Brook  pumping  plant  at  wier  end  of  main. . . 

...do 

Spanishtown  pumping  plant  at  wier  end  of  main. . . 

....do 

Zimmerman  pipe  line  at  dam 

....do 


Sec.'ft. 


2.50 
2.25 


.00 
L70 


2.87 

4.20 

2.00 

.00 


2.10 
4.80 


2.50 
2.25 


.80 
.60 


4.17 
2.0O 


3.00 
L30 


.00 

.00 
.00 
.50 


2.20 

2.00 

.00 

1.20 


2.20 


4.92 

7.20 

30.60 

27.00 


2.30 

.00 
3.20 
2.70 
5.58 
3.60 


1.40 
1.20 


Total. 


3.i00' 

L30 

2.50 

2.25 

.00 

.00 
.00 
.50 
.00 

L70 
.00 
.00 

2.87 

4.20 
2.00 

.00 
2.20 
2.00 

.00 
L20 
2.10 
4.80 
2.20 

.00 

2.50 

2.25 

4.92 

7.20 

30.60 

27.00 

.80 

.60 

2.30 

.00 
3.20 
2.70 
5.58 
3.60 
4.17 
2.60 
1.40 
1.20 
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Discharge  measuremenis  of  canals  between  ihe  Rivers^^^  Narrows  and  the  AvbumdaU  bridge 
hamng  their  source  in  the  Santa  An^  River,  1906. 


Date. 


;     -  Location. 


Discharge. 


June  !«,!.•..,. v-. 
;8^temJ^fc25r.! 
•  June  15 

September  22. . 

June  15 

September  22.. 

June  15 

September  22.. 

June  15 

September  22.. 

June  15 

September  22 . . 

June  15 

September  22 . . 

June  15 

September  22.. 

June  15 

Do 

September  22 . . 
Do 


CfitCale  ditch  near  Intake. 
do 


Durkee  ditch  at  Aubumdale  road  crossing. 

....do 

Fuller  ditch  at  waste  gate 

do 


Oilllland  ditch  at  Aubumdale  road  crossing. 

....do 

Newton  ditch  near  intake 

do 


Newberry  ditch  at  Aubumdale  road  crossing 

....do 

Roberts  or  Le  Oay  ditch  near  intake  Santa  Ana  River. 
....do 


Wilbur  ditch  at  Rogers  pipe  trestle  crossing  Santa  Ana  River . 

do 

Santa  Ana  River,  Aubumdale  Bridge 

Santa  Ana  River,  Aubumdale  Bridge,  including  ditches 

Santa  Ana  River,  Aubumdale  Bridge 

Santa  Ana  River,  Aubumdale  Bridge,  including  ditches 


Sec.-ft. 
0.00 

.00 
4.10 

.00 

s.m 

5.« 

l.<» 

.30 

2.» 

1.70 

.00 

.00 

1.00 

1.70 

6.10 

6.4) 

63.60 

71.13 

57.00 

57.  n 


MISCELLAHX01T8   XEASTrBSKBirrS  TX  BAST  A  AHA  EIVES  DEAIXAOE  BA8XV. 

The  following  is  a  list  of  miscellaneous  discharge  measurements  made  in  the  Santa  Ana 
River  drainage  basin  during  1905: 

City  Creek  near  HigUandSj  Cat. — ^This  stream  is  a  tributary  of  Santa  Ana  River.  A  meas- 
urement was  made  September  23  by  W.  B.  Gapp  in  diversion  canal  at  mouth  of  canyon 
Measurement  made  over  weir. 

Dischai^,  1.16  second-feet. 

Chino  Creek  near  Rincon,  Cal. — ^This  stream  is  a  tributary  of  Santa  Ana  River.  The  fol- 
lowing measurements  were  made  during  1905  at  the  wagon  bridge  at  Rincon  road  crossing, 
one-fourth  mile  above  junction  of  Chino  Creek  with  the  Santa  Ana  river. 

February  24:  Width,  16  feet;  area,  22  square  feet;  mean  velocity,  2.09  feet  per  second; 
dischaige,  46  second-feet. 

April  17:  Width,  7  feet;  area,  5.6  square  feet;  mean  velocity,  4.64  feet  per  second;  dis- 
charge, 26  second-feet. 

May  16:  Width,  5  feet;  area,  4  square  feet;  mean  velocity,  4.25  f^t  per  second;  dis- 
chaige,  17  second-feet. 

June  6:  Width,  4  feet;  area,  1.7  square  feet;  mean  velocity,  3.53  feet  per  second;  dis- 
chaige,  6.0  second-feet. 

July  29:  Width,  2  feet;  area,  0.4  square  foot;  mean  velocity,  2.75  feet  per  second;  dis- 
chaige,  1.1  second-feet. 

September  21:  Width,  3  feet;  area,  2  square  feet;  mean  velocity,  0.95  foot  per  second; 
discharge,  1.9  second-feet. 

Cable  Canyon  Creek  near  Glen  Uden^  Cal. — This  stream  is  a  tributary  of  the  Santa  Ana 
River.    A  measurement  was  made  July  13  by  K.  Sanborn.    Measurement  made  over  weir. 

Discharge,  1.66  second-feet. 

Devil  Canyon  near  Irvington  Siationf  Cal. — This  stream  is  a  tributary  of  the  Santa  Ana 
River.  A  measurement  was  made  July  13  by  K.  Sanborn  at  the  mouth  of  the  canyon,  100 
feet  below  head  of  M.  L.  &  W.  Co.'s  ditch. 
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Disdiaiige,  1^  second-feet. 

EaM  Twin  Creek  near  Arrowhead  Springe,  Cal, — ^This  stream  is  a  tributaiy  of  the  Santa 
Ana  RiTer.  A  measurement  was  made  September  23  by  W.  B.  Gapp  at  the  mouth  of  the 
canyon.    Measurement  made  over  weir.. 

Dischaiige,  0.54  second-foot. 

Lyde  Creek  near  RiaUo,  Cal. — ^This  stream  is  one  of  the  principal  tributaries  of  the  Santa 
Ana  River.  A  measurement  was  made  June  16  by  E.  Sanborn  at  the  head  of  Fontella  Devel- 
opment Company's  canal  at  the  mouth  of  the  canyon.    Measurement  made  over  weir. 

Discharge,  23  second-feet. 

Mm  Creek  near  Mentone,  Cal. — ^This  stream  is  one  of  the  principal  tributaries  of  the 
Santa  Ana  River.    The  following  measurements  were  made  during  1905: 

At  road  crossing  between  Mentone  and  Santa  Ana  Canyon,  April  14:  Width,  16  feet; 
area,  11.2  square  feet;  mean  velocity,  4.11  feet  per  second;  dischai^,  46  second-feet.  This 
is  waste  water  and  does  not  include  water  diverted  by  Crafton  Zanja. 

At  head  of  Crafton  Zanja,  September  23:  Width,  7.7  feet;  area,  4.7  square  feet;  mean 
velocity,  4.33  feet  per  second;  dischai^,  20  second-feet. 

Morton  Canyon  Creek  near  Mentoney  Cal. — ^This  stream  is  a  small  tributary  of  Santa  Ana 
River.  A  measurement  was  made  September  22  by  W.  B.  Clapp  at  the  mouth  of  the  canyon, 
500  feet  above  its  junction  with  Santa  Ana  River. 

Width,  0.8  foot;  area,  0.096  square  foot;  mean  velocity,  1.67  feet  per  second;  discharge, 
0.16  second-foot. 

Plunge  Creek  near  East  Highlanda,  Cal. — ^This  stream  is  a  tributary  of  the  Santa  Ana 
River.    The  following  measurements  were  made  during  1905: 

At  road  crossing  Orange  avenue  between  Redlands  and  Highlands,  April  15:  Width,  16 
feet;  area,  5.1  square  feet;  mean  velocity,  1.94  feet  per  second;  discharge,  9.9  second-feet. 

At  cement  ditch  at  the  mouth  of  the  canyon,  September  22:  Width,  2  feet;  area,  0.6 
square  foot;  mean  velocity,  1.67  foot  per  second;  discharge,  1.0  second-foot. 

Redlands  tunnel  near  MenUme,  Cal. — This  is  developed  water  from  tunnel  in  the  bed  of  the 
Santa  Ana  River  at  the  mouth  of  the  canyon.  A  measurement  was  made  September  22 
orer  weir  at  the  mouth  of  the  tunnel. 

Dischai^,  1.1  second-feet. 

Santa  Ana  River  near  Redlands,  Cal. — A  measurement  of  this  stream  was  made  at  the  road 
crossing  at  Orange  avenue  between  Redlands  and  Highlands  April  14. 

Width,  55  feet;  area,  34  square  feet;  mean  velocity,  2.35  feet  per  second;  dischai^,  76 
second-feet. 

S€tnta  Ana  River  near  Rincon,  Cal. — ^The  following  measurements  were  made  during  1905 
at  the  Rincon  wagon  bridge,  at  the  lower  end  of  San  Bernardino  Valley,  and  the  head  of  the 
lower  Santa  Ana  Canyon.  These  measurements,  with  the  addition  of  those  of  Chino  Creek, 
show  the  total  dischai^  of  the  Santa  Ana  River  below  all  diversions  in  San  Bernardino 
Valley,  and  show  the  amount  of  water  which  is  used  for  irrigation  in  the  vicinity  of  Orange, 
Santa  Ana,  Anaheim,  and  Fullerton,  Cal.,  diversions  being  made  below  this  point  of  meas- 
urement. 

The  gage  is  a  1  by  4  inch  timber,  graduated  to  feet  and  tenths  and  bolted  to  the  first  caisson 
from  the  south  end  of  the  Rincon  wagon  bridge.    There  is  no  bench  mark. 

February  24:  Width,  40  feet;  area,  68  square  feet;  mean  velocity,  3.01  feet  per  second; 
gage  height,  3.63  feet;  dischaiffe,  205  second-feet. 

April  17:  Width,  48  feet;  area,  68  square  feet;  mean  velocity,  2.53  feet  per  second;  gage 
height,  3.60  feet;  discharge,  172  second-feet. 

May  16:  Width,  45  feet;  area,  50  square  feet;  mean  velocity,  2.30  feet  per  second;  gage 
height,  3.35  feet;  discharge,  115  second-feet. 

June  6:  Width,  45  feet;  area,  44  square  feet;  mean  velocity,  1.98  feet  per  second;  gage 
hdgfat,  3.32  feet;  discharge,  87  second-feet. 

July  29:  Width,  48  feet;  area,  34  square  feet;  mean  velocity,  2.06  feet  per  second;  gage 
height,  3.25  feet;  discharge,  70  second-feet. 
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September  21:  Width,  46  feet;  area,  39  square  feet;  mean  velocity,  1.95  feet  per  second; 
gage  height,  3.33  feet;  discharge,  76  second-feet. 

Waterman  Canyon  Creek  or  West  Twin  Creek j  near  Arrovohead  Springs^  Col. — ^This  stream 
is  a  tributaiy  of  Santa  Ana  River.  A  measurement  was  made  July  13  by  K.  Sanborn  at  the 
bridge  on  the  road  to  Waterman's  ranch  at  the  mouth  of  the  canyon. 

Discharge,  1X)2  second-feet. 

SAN  GABRIEL.  RIVER  DRAINAGE  BASIN. 

DE80KIFTI0H  OF  BABIF. 

The  San  Gabriel  River  rises  in  the  Sierra  Madre  Mountains  and,  flowing  in  a  southwesterij 
direction  through  the  San  Gabriel  and  Los  Angeles  valleys,  discharges  its  waters  into  the 
Pacific  Ocean  near  Long  Beach,  Cal.  In  the  upper  reaches  of  this  basin  there  are  numerous 
tributaries,  which  have  their  source  in  the  higher  elevations  of  the  Sierra  Madre  Range.  TTie 
topography  in  the  upper  reaches  of  this  basin  is  rough  and  rugged,  with  deep  and  narrow 
canyons,  while  on  the  lower  elevations  the  country  is  rolling,  with  large  areas  of  valley  land. 
The  formation  on  the  higher  mountain  elevation  is  of  granite,  with  a  light  soil  covering,  with 
sparse  timber  growth.  As  one  approaches  the  middle  elevations  the  covering  is  brush,  with 
scattering  timber,  while  in  the  foothill  country  there  is  nothing  but  a  growth  of  grass.  Tbe 
gaging  station  on  this  stream  is  located  at  a  point  where  the  stream  leaves  the  higher  moun- 
tains in  the  vicinity  of  Azusa.  Below  this  point  the  river  enters  San  Gabriel  Valley,  where 
the  stream  has  a  comparatively  light  grade,  the  bed  being  composed  of  bowlders,  gravel,  and 
sand,  in  which  the  water  quickly  disappears,  except  in  times  of  flood  discharge.  The  waters 
of  this  stream  again  appear  on  the  surface  at  the  lower  end  of  San  Gabriel  Valley,  at  the  dis- 
chai^  from  the  foothills,  where  an  obstruction  to  the  underground  passage  forces  the  water 
to  the  surface,  on  which  it  flows  for  a  short  distance  and  again  disappears  in  the  sands  of  tbe 
flat  country  below  the  foothills.  The  entire  flow  of  this  stream  during  the  summer  months 
is  diverted  at  a  point  about  5  miles  above  the  gaging  station  and  is  used  for  power  purposes 
at  the  mouth  of  the  canyon.  From  this  point  it  is  carried  in  ditches  and  used  for  irrigation 
in  San  Gabriel  Valley.  The  water  is  again  diverted  where  it  appears  on  the  surface  at  tbe 
lower  end  of  this  valley  and  is  used  for  irrigation  on  the  lower  levels  below  this  point.  The 
mean  precipitation  in  this  basin  varies  from  15  to  30  inches  and  is  principally  in  the  form  of 
rain.  On  small  areas  in  the  higher  mountain  elevations  the  precipitation  is  in  the  form  of 
snow,  which  melts  in  the  early  spring  inonths. 

8AK  GABRIEL  RIVEB  AlTD  OAKALS  KEAB  AZUSA,  GAL. 

Owing  to  the  numerous  diversions,  it  has  been  difficult  to  obtain  accurate  discharge  meas- 
urements at  Azusa,  but  during  1898  the  San  Gabriel  Electric  Company  completed  its  system, 
and  measurements  are  now  obtained  with  greater  ease  and  hence  with  greater  accuracy. 
The  headworks  of  this  company  are  located  about  6  miles  above  the  mouth  of  the  canyon. 
The  water  is  carried  around  the  left  side  by  a  series  of  tunnels  and  conduits,  and  a  head  of  400 
feet  is  obtained  where  the  electric  power  is  generated.  Weirs  are  placed  on  the  conduit  of 
the  electric  company  and  the  water  is  measured  at  this  point.  The  capacity  of  the  conduit 
is  80  second-feet. 

The  cable  and  gage  are  located  about  1  mile  from  Azusa.  During  the  season  of  low  water 
for  a  period  of  from  six  to  eight  months  the  canals  above  the  station  divert  the  entire  flow  and 
there  is  no  running  water  at  the  station.  The  total  flow  of  the  river  is  obtained  by  adding 
the  daily  discharge  for  the  river  to  the  figures  for  the  corresponding  dates  for  the  canals. 

The  channel  is  straight  for  100  feet  above  and  500  feet  below  the  cable  and  has  a  width  of 
280  feet  at  high  water.  At  low  stages  there  are  two  channels  having  different  elevations,  and 
accurate  measurements  are  difficult  to  obtain.  The  bed  of  the  stream  is  composed  of  cobble- 
stones and  bowlders,  and  the  current  is  swift. 

Discharge  measurements  are  made  by  means  of  a  cable  and  car.  The  gage  is  a  vertical 
staff.    During  1905  the  gage  was  read  by  Don.  D.  Morgan. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  81, 100, 
and  134  of  the  United  States  Geological  Survey. 
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Diaduxrffe  measuremenia  of  San  QaJbrid  River  and  canals  near  Aausa,  Cal.,  in  1905. 


Date. 


Hydrograpber. 


February  10 . . .    E.  C.  La  Rue. 

February  17...| do , 

MardiW |  R.  S.  Hawley 

March  14 |  W.B.Clapp. 

MArchl6 1  R.  8.  Hawley 

March  24 do 

ManchSl.. 
April  13... 
April  19... 

May2 

May  9 

JuDe5 

June 23. . . 
JalyS 


November  4 . . 


....do 

....do 

....do 

....do 

....do 

....do 

W.  B.  Clapp 

Hawley  and  Clapp. 
W.  B.  Clapp 


Feet. 
2.20 
3.50 
9.30 
5.30 
5.80 
4.20 
3.80 
3.45 
3.30 
4.12 
3.50 
2.91 
2.60 
2.28 


Discharge. 

River.  ^ 

Canal. 

Sec.-feet. 

Sec.-feet. 

190 

66 

560 

66 

11,055 

72 

2,030 

70 

3,225 

80 

611 

54 

400 

80 

262 

80 

190 

80 

553 

80 

288 

80 

97 

80 

41 

84 

17 

85 

00 

30 

Total. 

Sec.-feet. 

266 

626 

11,127 

2,100 

3,305 

665 

480 

342 

270 

633 

368 

177 

125 

102 


Daily  gage  height  y  infeetj  of  San  Oabrid  River 

near  Azusa,  Cal.,for 

1905. 

Day. 

Jan. 

Feb. 

0 

2.6 
5.5 
a4.75 
4.0 
3.0 
2.7 
2.5 
2.3 
2.2 
2.0 
1.9 
1.8 
1.8 
a  3.0 
a3.5 
a3.5 
3.1 
3.0 
2.8 
2.7 
2.5 
2.4 
2.3 
2.2 
2.2 
2.2 
2.2 

Mar. 

Apr. 

May. 

June. 

July. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.55 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.1 
2.1 
2.1 
2.1 
2.3 
2.3 
1.7 
1.7 
1.65 
1.65 
1.7 
9.3 
fl7.3 
5.3 
4.7 
5.8 
5.1 
4.8 
4.7 
4.4 
4.3 
4.2 
4.2 
4.2 
4.2 
04.2 
a4.1 
<>4.0 

a3.8 
03.75 
a  3. 75 
a3.7 
a3.7 
a3.65 
0  3.65 
a3.6 
a3:6 
a3.55 
a3.55 
a3.5 
3.5 
3.45 
<»3.4 

3.1 
3.7 
3.4 
3.3 
3.2 
3.2 
3.2 
4.0 
3.6 
3.5 
3.4 
3.4 
3.3 
3.3 

2.95 

2.95 

2.95 

2.9 

2.9 

2.9 

2.85 

2.85 

2.85 

2.8 

2.8 

2.8 

2.8 

2.8 

2.75 

2.7 

2.7 

2.7 

2.65 

2.6 

2.6 

2.6 

2.6 

2.6 

2.55 

2.55 

2.55 

2.5 

2.45 

2.45 

2.4 

2  35 

2.35 

2.35 

2.25 

2.25 

2.2 

2.15 

2  15 

10 

2.15 

11 

2.65 

12 

2.15 

13 

2.15 

14 

2.1 

15 

2.1 

16 

a3.4           3  3 

2.05 

17 .                  .       , 

o3.4 
03.35 
3.3 
'6.6 
3.3 
3.3 
3.2 
3.2 
3.2 
3.2 
3  1 

3.3 

3.3 

3.3 

3.2 

3.2 

3.2 

3.2 

3.15 

3.1 

3.1 

.11 

2.0 

18 

1.9 

19 

1.8 

20 

1.5 

21... 

(*) 

22 

23 

24 ... 

25 

26 

27 

28 

1 
.1  1     1      .1  1 

29 

4  0           ^  'i 

3.1 

3.05 

3.0 

30 

a3.9 
3.8 

3.05 

31 



a  Estimated.  ^  Dry  from  July  21  to  December  31. 

Kon.— Oage  waahed  out  on  March  12;  replaced  April  19.    Oagc  heights  taken  with  a  level  between 
March  12  and  April  19. 
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Station  rating  table  for  San  Oahriel  River  near  Azusa,  Col.  y  from  February  2  io  March  It,  19(^. 


taei^t. 

1 
Discharge. , 

Gago 
height. 

Discharge. ' 

Feet, 

Second-feet. 

Feet. 

Second-feet. 

1.10 

0    ' 

2.50 

1             207 

1.50 

"    1 

2.60 

'             231 

1.60 

66    ! 

2.70 

1              259 

1.70 

76    , 

2.80 

289 

1.80 

88 

2.90 

1             320    , 

1.90 

101 

3.00 

351     1, 

2.00 

115 

3.10 

390    ' 

2,10 

130 

3.20 

430    'I 

2.20 

147    , 

3.30 

1  '™  i| 
i             613     1, 

2.30 

165    , 

3.40 

2.40 

185    1 

3.60 

'             560    1| 

'                      11 

viago 
height. 

Discharge. 

Feet. 

Second-feet. 

3.60 

610 

3.70 

1            670 

3.80 

730 

3.90 

1             800 

4.00 

,             870 

4.10 

,             950 

4.20 

1         l.WO 

4.30 

1          1,140 

4.40 

'          1,250 

4.50 

1,370 

4.60 

1,490 

1                       1 

h'jrgft.     ni^ch^-Ke.' 


Feet. 

Seamd-feet. 

4.70 

1,630 

4.80 

1,750 

4.90 

1,900 

5.00 

2,050 

5.10 

2.220 

5.20 

2,390 

6.30 

2,570 

5.40 

2,750 

5.50 

2.940 

Note.— The  above  tabic  is  applicable  only  for  open-channel  conditions.    It  Is  based  on  diacharipe 
measurements  made  during  first  part  of  1005;  1904  table  applies  from  January  1  to  February  l.lndusivr. 

Station  rating  table  for  San  Gabriel  River  near  Azusa,  Cat.,  from  March  12  to  December  SI, 

1905. 


Gage 
height. 

Feet. 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.00 
2.70 
2.80 
2.90 
3.00 
3.10 


Discharge. 


nd-fcct. 

F 

1 

' 

2.5 

1 

4.5 

1 

7 

10 

14 

' 

18 

f 

24 

32 

42 

55 

71 

DO 

'        J 

113 

140 

1 

Gage 
height. 

Feet. 
3.20 
3.30 
3.40 
3.50 
3.  CO 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.10 
4.50 
4.60 


I  Discharge. 


]S€cond-f€et. 
\  170 

!  202 

237 
I  273 

I  311 

351 
I  391 

j  441 

I  41»2 

5.>0 
010 
687 
762 
841 


( I  aire 
height. 

Feet. 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
5.30 
5.40 

5.:>o 

5.00 
5.70 
5.80 
5.90 
6.00 
0.20 


Discharge. 

Second-feet. 
1,040 
1,160 
1,300 
1,460 
1,640 
1,830 
2,030 
2,245 
2,470 
2,095 
2,920 
3,145 
3,370 
3,.')95 
4.(M7 


Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

6.40 

4,«9 

6.60 

4,051 

6.80^ 

5,403 

7.00 

5,855 

7.20 

6,307 

7.40 

6,759 

7.60 

7,211 

7.80 

7,663 

8.00 

8,115 

8.20 

8,567 

8.40 

9,019 

8.60 

9,471 

8.80 

9,923 

9.00 

10,375 

9.20 

10,828 

) 

NoTE.—The  above  table  is  applicable  only  for  open-channel  conditions.    It  Is  baaed  on  11  discharge 
measuromenta  made  during  1905. 
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DaUy  disduxrge,  in  second-feetj  of  8 

an  Gabriel  canals  near  Azusa,  Cal.,  for 

1906. 

D»y. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  June.  '  July. 

Aug. 

Sept. 

34 
33 
32 

Oct. 

30 

29 
28 

Nov. 

29 
29 
29 

Dec. 

1 

30 
23 
21 

34 
67 
70 

67 
67 
67 

80 
80 
80 

80 
80 
80 

80 
80 

85 
85 
86 

55 
54 
54 

50 

2 

47 

3 

45 

4 

20 

78 

67 

80 

80 

80 

85 

53 

33 

28 

29 

44 

5 

19.5 

68 

0 

80 

80 

80 

85 

52 

34 

28 

29 

44 

6 

19 

78 

67 

80 

80 

80 

88 

50 

35 

28 

32 

42 

7 

18.5 
18.5 

69 
86 

72 
72 

80 
80 

80 

80 
80 

86 

85 

47 
46 

34 
33 

28 
28 

44 

95 

42 

8 

41 

9 

41 

74 

72 

80 

80 

80 

85 

45 

32 

27 

53 

39 

10 

50 

66 

72 

80 

80 

80 

85 

45 

32 

27 

42 

37 

11 

40 

66 

72 

80 

80 

73 

71 

46 

32 

27 

38 

37 

12 

35 

66 

72 

80 

80 

73 

74 

44 

32 

27 

36 

37 

13 

31 

66 

0 

80 

80 

76 

75 

44 

32 

28 

36 

38 

14 

29 

66 

70 

80 

80 

76 

74 

43 

31 

29 

34 

39 

15 

27 

66 

79 

80 

80 

0 

74 

43 

31 

29 

34 

39 

16 

30 

67 

80 

80 

80 

78 

74 

42 

30 

29 

45 

39 

17 

30 
28 
28 
27 
55 
67 
67 
57 
46 
41 
40 
38 
37 
36 
34 

66 
68 
60 
68 
68 
68 
68 
67 
68 
67 
67 
67 

80 
SO 

80 
80 

80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 

78 
78 
78 
78 
78 
88 
84 
84 

M 
84 
W 
84 
84 

74 

74 
73 
73 
70 
CO 
G8 
67 
64 
62 
64 
62 
60 
68 
56 

41 
40 
41 
41 
40 
40 
39 
38 

31 
31 
30 
29 
29 
28 
30 
30 

30 
30 
30 
29 

29 
31 
32 
31 
30 
29 
29 
28 
28 
29 
2S 

53 
43 
40 
42 
41 
39 
38 
37 
37 
37 
97 
87 
62 
53 

39 

18, 

39 

19 

79    80 

38 

3D 

80 
80 
78 
57 
54 
69 
80 
80 
80 
80 
80 
80 

80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 

46 

21 

42 

22 

39 

23 

38 

24 

37 

35 

38    30 
36    29 
36    30 
35  j   31 
34    32 
33    31 
33  

38 

26 

38 

27 

38 

28    

38 

29 

37 

30 

37 

31 

80  

38 

Estimated  monthly  discharge  of  San  Gabriel  River  a  near  Azusay  Cal.,  for  1905. 
[Drainage  area,  222  squan^  miles.) 


Month. 


Discharge  in  second-feet. 

Mean. 


I 


Run-off. 


JanuATy 

Febniarj' 

Man^ 

April 

May 

Jan© 

July 

August 

September 

October 

November 

December 

The  year 


Minimum. 

108 

18.5 

3,010 

34 

11,130 

142 

474 

206 

540 

193 

182 

63 

109 

56 

55 

33 

35 

28 

32 

27 

97 

29 

50 

37 

11,130 

IS.  5 

I  Se<ond-feet 


Total  in 


30.6 

466 
1,222 

329 

278 

139 
83.0 
42.8 
31.4 
2K.  S 
44.7 
40.1 


2,251 
25,880 
75, 1-40 
19,580 
17,090 
8,271 
5,103 

2,  an 

1.86U 
1.771 
2,6«30 
2,466 


0.165 
2.10 
5.50 
1.48 
1.25 
.626 
.374 
.193 
.141 
.130 
.201 
.181 


0.190 
2.19 
O.o4 
1.6.3 
1.44 
.698 
.431 
.222 
.  l.'-)7 
.150 
.  224 
.  209 


2,2S4       I        10^1,700 


1.03  13  90 


a  Includes  water  in  canal. 
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MIB0ELLAHS01T8  XEASTJREKEirTS  OT  BAK  OABKIEL  RTTBB  DRAHTAOX  BA8XV. 

The  following  is  a  list  of  miscellaneous  dischai^  measurements  made  in  the  San  Gabriel 
River  drainage  basin  during  1905: 

Baldwin  ditch  near  El  Monte,  CoZ.— This  ditch  diverts  water  from  the  Rio  Hondo  River 
and  is  used  for  irrigation  of  land  in  the  vicinity  of  the  Old  Mission.  A  measurement  w&s 
made  October  6  by  W.  B.  Clapp  at  Old  Mission  Bridge,  4  miles  below  El  Monte,  Cal. 

Width,  1.2  feet;  area,  1.4  square  feet;  mean  velocity,  2.14  feet  per  second;  dischaige,  3i) 
second-feet. 

Cate  ditch  near  El  McfrUe^  Cal, — ^This  ditch  diverts  water  from  the  San  Gabriel  River  and 
is  used  for  the  irrigation  of  land  in  the  vicinity  of  Rivera,  Cal.  A  measurement  was  made 
October  6  by  W.  B.  Clapp  in  flume  at  road  crowing  near  county  road  between  El  Monte  ind 
Whittier  and  about  5  miles  below  El  Monte. 

Width,  4  feet;  area,  7.7  square  feet;  mean  velocity,  1.45  feet  per  second;  discharge,  11.2 
second-feet. 

Ranchito  or  Standerford  ditch  near  El  Monte,  Cal. — ^This  ditch  diverts  water  from  the  San 
Gabriel  River  and  is  \ised  for  the  irrigation  of  land  in  the  vicinity  of  Rivera  and  Downey, 
Cal.  A  measurement  was  made  October  6  by  W.  B.  Clapp  25  feet  below  head-gate  and 
about  5  miles  below  El  Monte,  Cal. 

Width,  11.8  feet;  area,  11  square  feet;  mean  velocity,  1.42  feet  per  second;  discharge, 
15.6  second-feet. 

Lo8  Nietoe  or  Banta  ditch. — ^This  ditch  diverts  water  from  the  San  Gabriel  River  and  is 
used  for  the  irrigation  of  land  in  the  vicinity  of  Los  Nietos,  Cal.  A  measurement  was  made 
October  6  by  W.  B.  Clapp  100  feet  below  head-gate  of  Ranchito  ditch. 

Width,  18  feet;  area,  14.8  square  feet;  mean  velocity,  1.14  feet  per  second;  discharge, 
16.8  second-feet. 

Rio  Hondo  near  El  Monte,  Cal. — ^This  stream  constitutes  one  branch  of  the  San  Gabriel 
River.  A  measurement  was  made  October  6  by  W^  B.  Clapp  at  Old  Mission  Bridge,  4 
miles  below  El  Monte  and  below  the  diversion  of  the  Baldwin  ditch. 

Width,  13  feet;  area,  12  square  feet;  mean  velocity,  1.75  feet  per  second;  dischaige, 21 
second-feet. 

Rincon  ditch  near  El  Monte,  Cal. — This  ditch  diverts  water  from  the  San  Gabriel  River 
2  miles  below  Southern  Pacific  Railroad  bridge  and  is  used  for  irrigation  of  land  in  the 
vicinity  of  Rincon,  Cal.  A  measurement  was  made  October  6  by  W.  B.  Clapp  at  road  cross- 
ing, one-half  mile  cast  of  the  Durfee  ranch. 

Width,  6  feet;  area,  3.2  square  feet;  mean  velocity,  1.06  feet  per  second;  discharge,  3.4 
second-feet. 

Sheep  Creek  ditch  near  El  Monte,  Cal. — This  ditch  diverts  water  from  Sheep  Creek,  a  trib- 
utary of  San  Gabriel  River.  A  measurement  was  made  October  6  by  W.  B.  Clapp  in  flume 
at  road  crossing,  1  mile  east  of  Durfee  ranch. 

Width,  3  feet;  area,  2.1  square  feet;  mean  velocity,  2.19  feet  per  second;  dischaige,  4.6 
second-feet. 

Santa  Anita  Creek  near  Sierra  Madre,  Cal. — This  stream  is  a  tributary  of  the  San  Gabriel 
River.  A  mea.surement  was  made  October  23  by  W.  B.  Clapp  at  the  mouth  of  the  canyon 
above  Baldwin  diversion. 

Width,  3  feet;  area,  1.0  square  foot;  mean  velocity,  1.50  feet  per  second;  dischaige,  1.5 
second-feot. 

San  Gabriel  Rii'er  near  El  Monte,  Cal. — A  measurement  was  made  of  this  stream  on  April 
13  by  R.  S.  Ilawley  at  wagon  bridge,  2  miles  cast  of  El  Monte,  Cal. 

Width,  56  feet;  area,  20  square  feet;  mean  velocity,  2.35  feet  per  second;  discharge, 47 
second-feet. 
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LOS  AXGELE8  RIVER  DRAINAGE  BASIN. 
DESOSIPTIOV   07   BA8IV. 

The  Los  Angeles  River  is  fonned  bj  the  Tujunga,  Pacoima,  and  other  small  creeks  which 
have  their  source  in  the  Sierra  Madre  Range  of  mountains  to  the  northeast  of  the  city  of  Los 
Angeles.  These  streams  leave  the  mountains  at  a  point  about  25  miles  above  the  city  and 
enter  the  comparatively  flat  country  of  San  Fernando  Valley,  where,  except  in  times  of 
excesnve  flood,  the  waters  disappear  in  the  sand  and  gravel  washes  of  the  valley.  These 
waters  again  make  their  appearance  at  the  lower  end  of  this  valley,  where  a  secondary  range 
of  hills,  extending  from  east  to  west,  forces  the  waters  to  the  surface  in  what  is  known  as  Los 
Angeles  River.  Below  this  point  the  river  discharges  through  the  flat  country  of  Los  Angeles 
Valley,  finally  entering  the  Pacific  Ocean  near  the  town  of  Long  Beach,  Cal.  During  the 
sommer  months  the  entire  flow  of  Los  Angeles  River  is  diverted  at  a  point  about  5  miles 
above  Los  Angeles  for  the  supply  of  the  city,  and  only  a  small  amount  of  water  passes  this 
point  except  during  flood  discharge  of  the  river.  The  topography  is  rough  in  the  upper 
reaches  of  this  drainage  basin,  the  streams  discharging  in  deep,  narrow  canyons.  In  this 
portion  of  the  drainage  basin  the  formation  is  of  granite,  with  good  soil  covering  and  light 
timber  and  heavy  brush  growth.  There  is  a  considerable  area  of  foothill  country  within  this 
basn,  lying  between  the  base  of  the  Sierra  Madre  Range  and  Los  Angeles  Valley,  which  has 
a  light  covering  of  brush  and  grass.  The  soil  of  San  Fernando  Valley  consists  principally  of 
river  wash,  coarse  sand,  and  gravel,  except  along  the  base  of  the  mountains  and  foothills, 
where  the  soil  is  of  good  depth  and  is  under  a  high  state  of  cultivation.  The  soil  of  Los 
Angeles  Valley,  below  the  city  of  Los  Angeles,  consists  of  a  light  sandy  loam  and  is  under  a 
high  state  of  cultivation.  The  mean  precipitation  throughout  this  basin  is  from  15  to  30 
inches  and  falls  in  the  form  of  rain,  except  on  small  areas  on  the  higher  mountain  elevations. 

■DOXLLAJrZOXrB  KSASXnELSMEirTS  nr    LOB  AH0ELE8  BIVSR  DKAIHAOE  BABIV. 

Tlie  foDowing  is  a  list  of  miscellaneous  discharge  measurements  made  in  Los  Angeles  River 
drainage  basin  during  1905: 

Arroyo  Seco  near  Paaadena^  Cal. — This  stream  is  a  tributary  of  Los  Angeles  River.  The 
foUowing  measurements  were  made  on  this  stream  during  1905  by  W.  B.  Clapp: 

At  OKNith  of  canyon,  5  miles  above  Pasadena,  Cal.,  April  11:  Width,  13.5  feet;  area,  8.1 
square  feet;  mean  velocity,  2.11  feet  per  second;  discharge,  17.1  second-feet. 

At  Devils  Gate,  3  miles  above  Pasadena,  Cal.,  April  11:  Width,  8  feet;  area,  8.7  square 
feet;  mean  velocity,  1.44  feet  per  second;  discharge,  12.5  second-feet. 

At  point  1,000  feet  above  submerged  dam  of  Pasadena  Land  and  Water  Company,  at 
Pasadena,  Cal.,  April  11:  Width,  8  feet;  area,  2  square  feet;  mean  velocity,  1.30  feet  per 
second;  discharge,  2.6  second-feet. 

At  sycamore  grove,  near  Morgan's  south  line,  Los  Angeles,  Cal.,  by  J.  B.  Lippincotty 
October  27:  Width,  1.1  feet;  area,  0.16  square  foot;  mean  velocity,  0.64  foot  per  second; 
discharge,  0.10  second-foot. 

At  sycamore  grove,  600  feet  above  Morgan's  south  line,  October  27:  Width,  1.2  feet; 
area,  0.20  square  foot;  mean  velocity,  1.14  feet  per  second;  discharge, 0.23  second-foot. 

Big  Tejvnga  Creek  near  Sunlandf  Cal. — ^This  stream  is  a  tributary  of  the  Los  Angeles 
River.    The  following  measurements  were  made  during  1905  by  R.  S.  Hawley : 

At  mouth  of  canyon,  1  mile  above  Sunland,  Cal.,  April  12:  Width,  25  feet;  area,  13.7 
square  feet;  mean  velocity,  4.45  feet  per  second;  discharge,  61  second-feet. 

At  Southern  Pacific  Company's  railroad  crossing  near  Pacoima,  Cal.,  April  12:  Width, 
25  feet;  area,  10.3  square  feet;  mean  velocity,  2.82  feet  per  second;  discharge,  29  8e<M>nd- 
feet. 

Two  miles  below  Southern  Pacific  Railroad  bridge  at  Pacoima,  Cal.,  April  12:  No  dis- 
charge. 
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Litde  Tejunga  Creek  near  Surdand,  CaL. — ^This  stream  is  a  tributary  of  Los  Angeles  River 
and  discharges  into  Big  Tejunga  Creek  below  Sunland.  A  measurement  was  made  April  11 
by  R.  S.  Hawley  at  mouth  of  canyon  two-thirds  of  a  mile  above  the  junction  with  Big 
Tejunga  Creek. 

Width,  6  feet;  area,  1.6  square  feet;  mean  velocity,  2.06  feet  per  second;  discharge,  3^ 
second-feet. 

Pacaima  Creek  near  Fernando,  Col. — This  stream  is  a  tributary  of  Los  Angeles  Rirer. 
The  foll6wing  measurements  were  made  during  1905  by  R.  S.  Hawley: 

At  mouth  of  canyon,  5  miles  above  Fernando,  CaL,  April  12:  Width,  20  feet;  area,  7^ 
square  feet;  mean  velocity,  4.11  feet  per  second;  discharge,  30  second-feet. 

At  Southern  Pacific  Railroad  bridge,  1  mile  east  of  Fernando,  Cal.,  April  12:  Width,  10 
feet;  area,  6.2  square  feet;  mean  velocity,  2.84  feet  per  second;  discharge,  17.6  second-feet 

Three  miles  below  Southern  Pacific  Railroad  bridge,  near  Fernando,  Cal.,  April  12:  No 
discharge. 

MISCELLANEOUS  MEASUREMENTS  ON   LOS   ANGELES  RIVER. 

The  following  measurements  were  made  on  Los  Angeles  River  at  Los  Angeles,  Cal.,  during 
1905: 

At  Fourth  Street  Bridge. — March  13:  Width,  120  feet;  area,  446  square  feet;  me4Ln  veloc- 
ity, 10.15  feet  per  second;  discharge,  4,525  second-feet. 

At  Huron  street. — ^April  12:  Width,  38  feet ;  area,  20  square  feet;  mean  velocity,  2.15  feet 
per  second;  discharge,  43  second-feet. 

At  Ninth  Street  Bridge. — April  12:  Width,  13  feet;  area,  5.8  square  feet;  mean  velocity, 
2.19  feet  per  second;  discharge,  12.7  second-feet. 

During  the  summer  of  1905  measurements  were  made  to  determine  the  amount  of  water 
diverted  by  the  city  of  Los  Angelea  for  domestic  supply  and  also -to  determine  the  amount  of 
water  which  passes  the  city's  diversion  point.  The  amount  of  water  diverted  for  the  city's 
supply  is  shown  in  measurements  made  in  the  44-inch  conduit  and  the  main  supply  conduit. 
The  amount  of  water  discharging  in  the  river  below  these  points  of  diversion  is  shown  by 
measurements  made  at  Huron  street.  The  following  measurements  were  made  during  1905 
at  these  points: 

Measurements  on  Los  Angeles  River  in  Los  Angeles. 


Huron  street. 


May  15 

June  22 

July  28 

Septcraber  19. 


Width. 

Area. 

Mean 
velocity. 

Di9- 

chaige. 

Feet. 

Sq.ft. 

Fi.per  see. 

Sec.-fL 

24 

7.2 

1.47 

10.6 

16 

3.2 

LOS 

3.3 

6 

.2.2 

1.77 

4.6 

6 

2.2 

1.55 

3.4 
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MAMBU  CREEK  DRAINAGE  BASIN. 
DBSOBIPTIOK  OF  BASIV. 

Malibu  Creek  rises  in  the  Santa  Monica  Mountains  and  enters  the  Pacific  Ocean  about  15 
miles  above  the  town  of  Santa  Monica.  This  stream  is  formed  by  Trrunfo  and  Las  Vir- 
genes  creeks,  which  drain  the  northern  portion  of  the  Santa  Monica  Range  and  the  lower 
foothill  country  to  the  north.  The  formation  throughout  this  basin  is  shale,  sandstone, 
and  conglomerate,  with  good  soil  covering.  There  is  a  sparse  growth  of  timber  on  the  higher 
elevations,  but  a  greater  portion  of  this  area  has  a  covering  of  brush  and  grass  used  exten- 
sively for  pasturage,  with  limited  areas  of  cultivated  land  for  the  raising  of  grain.  A  reser- 
voir has  been  constructed  on  the  upper  reaches  of  the  Triunfo  Creek  and  the  waters  are 
used  for  irrigation  within  the  basin  during  the  summer  months.  This  reservoir  covers  an 
area  of  about  300  acres  when  filled. 

The  mean  precipitation  in  this  basin  amounts  to  about  25  inches  and  falls  wholly  in  the 
form  of  rain. 

MALXBU  GRESK  KEAK  CALABAftAS,   OAL. 

This  station  was  established  November  29,  1901,  by  S.  G.  Bennett.  It  is  located  at 
Chapman's  ranch,  40  miles  from  Los  Angeles,  by  wagon  road,  and  8  milas  southwest  of  Cala- 
basas,  about  one-fourth  mile  below  the  mouth  of  Las  Virgenes  Creek. 

The  channel  section  is  poor  and  subject  to  change  during  high  water,  but  is  at  the  only 
point  where  an  observer  could  be  secured.  The  excessive  cost  of  visiting  the  station  has 
made  it  impossible  to  obtain  as  many  meter  measurements  as  desired,  but  the  observer  is 
instructed  to  take  float  velocities  at  various  gage  heights,  and  these  data,  with  cross  sec- 
tions and  slope,  are  used  in  addition  to  meter  mea.surements  for  computing  discharges  for 
use  in  constructing  rating  curves  and  tables.  The  estimated  discharge  is  a  rough  approxi- 
mation only. 

The  channel  is  straight  for  about  600  feet  above  the  station  and  curved  for  ^bout  300 
feet  below.  The  current  is  swift.  Both  banks  are  high.  The  right  bank  is  rocky,  and 
the  bed  of  the  stream  is  composed  of  rock  and  gravel. 

The  initial  point  for  soundings  is  on  the  right  bank.  The  gage  rod  is  a  vertical  staff 
fastened  to  an  alder  tree  on  the  right  bank.  During  1905  the  gage  was  read  by  J.  G.  Chap- 
man. The  bench  mark  is  a  cross  on  a  small  projection  on  a  rock  bluff  about  10  feet  south- 
west of  the  gage  rod;  elevation,  5.43  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  100  and 
134  of  the  United  States  Geological  Survey. 

Discharge  measurements  of  Malibu  Creek  near  CalabasaSf  CdL.y  in  1906. 


Date. 

Hydrographer. 

Width. 

Feet. 
9 
0 

Area  of       Mean          Gace 
section,  j  velocity,     height. 

Sq.ft.    \Ft.per8€C.      Feet. 

6.2  1.5    1         0.9 

6.3  1.35              .82 

Dis- 
charge. 

April  20 

R.  8.  Ilawley 

Sec.-ft. 
9.3 

May  12 

do 

8.5 
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DaUy  gage  heigJU,  infeet^  ofMalUm  Creek  near  Cdlabaaae,  Cd.^for  1905. 


Day. 

Jan. 

Feb. 

Mar. 

Apr.     Ma 

y- 

Jane. 

July. 

Aug. 

Sept.     0< 

n. 

Nov.     Dec 

1 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.22 

1.25 

1.3 

1.24 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.3 

1.6 

2.85 

1.85 

2.1 

1.3 

1.2 

1.15 

1.15 

1.15 

1.15 

1.15 

1.1 

1.1 

1.8 

1.65 

1.55 

1.4 

1.3 

1-2 

1.2 

1.15 

1.1 

1.1 

1.1 

1.1 

1.1 

1.0 

7.6 

4.2 

3.25 

3.25 

4.75 

3.55 

2.8 

2.5 

2.4 

2.4 

2.3 

2.2 

2.2 

1.0 

1.6 

1.45 

1.55 

1.7 

1.7 

1.55 

1.5          0. 

1.25 

1.2 

1.2 

1.2 

1.^ 

1.25 

1.25 

1.2 

1.2 

1.2 

1.1 

1.25 

1.0 

1.0 

1.0 

1.0 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.8 

.8 

.8 

8 
8 
8 
8 
8 
8 
3 
9 

0.6 

.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 

.5 
.5 
.5 

0.5 
.5 
.5 
.5 
.5 
.5 
.5 

:: 

.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 

0.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 

0.5        0 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.45 
.45 
.45 
.45 
.45 
.45 
.45 

.46 
.45 
.45 
.45 
.45 
.45 
.45 
.45 

4 

45 
.45 
.45 

0.45        a 
.45 
.45 
.45 
.55 
.55 
.55 
.55 
.55 
.55 
.55 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28. 

29 

30 

31 
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Estimated  monthly  discharge  ofMcdibu  Creek  near  Calabasas,  Col.,  for  1905. 
[Drainage  area,  97  square  miles.] 


Month. 


January 

February 

Mareh 

Apni 

May 

June 

Joly \... 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


10 
560 
1,800 
41 
24 
4 
3 
3 
3 
2 
4 
4 


Minimum. 


Mean. 


5.4 
36.1 
484. 
14.4 
7.3 
3.8 
3.0 
3.0 
2.1 
1,1 
3.6 
3.7 


Run-off. 


Totolin 
acre-feet. 

I 

I 

332  I 

2,006  I 

29,760 

857 

449 

226 

184 

184 

125 

68 

214 

228 


Second-feet 
per  sQuare 


6,800 


47.3 


34,630 


0.056 
.372 

4.99 
.148 
.075 
.039 
.031 
.031 
.022 
.011 
.037 


.488 


Depth 
in  inches. 


0.065 
.387 

5.75 
.166 
.086 
.044 
.036 
.036 
.024 
.013 
.041 
.044 


6.60 


Note.— The  estimated  monthly  dischaige  is  only  an  approximation. 

T&nniTO  OBSEX  NEA&  CAT.ABABAB.  OAL. 

This  station  is  located  8  miles  southwest  of  Calabasas,  Cal.,  about  one-half  mile  above 
the  mouth  of  Las  Virgenes  Creek.  * 

The  channel  section  is  poor  and  subject  to  change  during  high  water,  but  is  at  the  only 
point  where  an  observer  could  be  secured.  The  excessive  cost  of  visiting  the  station  has 
made  it  impossible  to  obtain  as  many  meter  measurements  as  desired,  but  the  observer  is 
instructed  to  take  float  velocities  during  floods  at  various  gage  heights,  and  these  data, 
with  cross  sections  and  grade  of  stream,  are  used  in  addition  to  meter  measurements  for 
computing  discharges  for  use  in  constructing  rating  curves  and  tables.  The  estimated 
discharge  from  this  stream  is  a  rough  approximation  only. 

The  channel  is  straight  for  about  400  feet  above  and  800  feet  below  the  station,  and 
the  water  is  swift.  Both  banks  are  high  and  rocky.  The  bed  of  the  stream  is  composed 
of  gravel  and  sand  and  is  shifting. 

The  initial  point  for  soundings  is  on  the  right  bank.  The  gage  rod  is  a  vertical  staff 
bolted  to  rock  cliff  on  right  bank.  During  1905  the  gage  was  read  by  J.  G.  Chapman. 
The  bench  mark  is  a  cross  on  a  point  of  rock  3.5  feet  above  the  bed  of  the  creek  on  the 
right  bank;  elevation,  4.53  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  section  is  contained  in  Water-Supply  Papers  Nos.  100  and 
134  of  the  United  States  Geological  Survey. 
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Discharge  measurements  of  Triunfo  Creek  near  CdabasaSf  Cal.y  m  1905. 


Date. 


April  20. 
May  12. . 


Hydrographer. 


R.  8.  Hawloy. 
....do 


Width. 


Ftet. 
15 
17 


Area  of 
section. 


Sq.ft. 
7.1 
6.3 


Mean 
velocity. 


Ft.  per  sec. 
1.13 
1.13 


Ga^    I     Du- 
it,  I  charge. 


Ftei. 
1.60 
1.44 


8ec-fL 

8.0 


DaUy  gage  heigJUy  in  feet,  of  Triunfo  Creek  near  Calabasas,  Col.,  for  1906. 


Day. 

Jan. 

Feb. 

0.00 

.75 

.9 

2.15 

1.65 

2.2 

1.65 

1.0 

.9 

.7 

.55 

.5 

.5 

.3 

.3 

1.65 

1.45 

1.3 

Mar. 

Apr. 

May. 

June 

Joly. 

1 

0.5 

.5 

.6 

.5 

.5 

.6 

.5 

.5 

.5 

.45 

.45 
6.0 
2.55 
2.16 
2.05 
3.3 
3.1 
2.6 
2.25 
1.2 
1.2 
1.2 
l.l 
2.2 
1.6 
1.4 
1.4 
1.3 
1.4 
1.4 
1.4 

1.3 

1.6 

1.6 

1.5 

1.5 

1.5 

1.6 

1.6 

1.6 

1.5 

1.55 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.4 

1.4 

1.4 

1.4 

1.4 
.8 
.4 

1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 

1.^ 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

2 

1.1 

3 

l.l 

4 

1.1 

5 

l.l 

6 

1.1 

7...              

1.1 

8 

1.1 

9 

1.2 

10 

1.2 

11 

1.2 

12 

1.2 

13 

1.2 

14 

1.2 

15 

1.2 

16 

1.2 

17 

1.2 

18 

1.2 

19 

1.2 
1.1 
.9 

.85 
.8 

.8 

•7 
.7 

.7 

.6 

1.2 

20 

1.2 

21 

1.2 

22 

1.2 

23 

1.1 

24 

1.1 

25 1 

« 1 

27 1 

1.1 
l.l 
l.l 

28 

1.1 

29  ...  .        

1.1 

30 

; 

1.0 

31 

1 

0.0 

i 



Note.— Creek  dry  Jan  2  to  Fob.  1,  Apr.  23  to  May  6,  May  10-13,  Aug.  1  to  Dec.  31. 
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Estimaied  monthly  discharge  of  Triunfo  Creek  near  Ccdabasae,  Cdl.j  for  1906. 
[Drainage  area,  72  square  mllea.] 


M<xitb. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

Norember 

December 

The  year 


Diacharge  in  aecond-feet. 


Maximum.  Minimum.      Mean. 


0 

410 

5,000 

40 

6 

2 

1 

0 

0 

0 

0 

0 


0.0 

26.2 

353.0 

11.2 

1.0 

1.3 

.97 

.0 

.0 

.0 

.0 

.0 


6,000  * 


32.8 


Total  in 
acre-feet. 


0 

1,455 

21,700 

666 

61 

77 

60 

0 

0 

0 

0 

0 


24,020 


Run-off. 


Second-feet 
per  sauare 


0.0 

.364 
4.90 

.156 

.014 

.018 

.013 

.0 

.0 

.0 

.0 

.0 


Depth 
in  inches. 


0.0 

.370 
5.65 

.174 

.016 

.020 

.015 

.0 

,0 

.0 

.0 

.0 


.455 


6.25 


Note.— The  estimated  monthly  discharge  is  only  an  approximation. 


SANTA  CLARA  RIVER  DRAINAGE  BASIN. 

DX80BIFTI0K  07  BASOT. 

TTie  Santa  Clara  River  rises  in  the  Coast  Range  in  the  northwestern  part  of  Los  Angeles 
County  and  flows  in  a  westerly  direction,  discharging  its  waters  into  the  Pacific  Ocean 
near  Ventura,  Cal.  It  has  numerous  tributaries  from  the  north,  all  of  which  are  torrential 
in  their  character,  having  a  heavy  discharge  during  the  winter  months.  This  stream  has 
i  comparatively  flat  grade,  flowing  over  a  sandy  and  gravelly  bed,  into  which  it  sinks 
during  a  greater  portion  of  the  year.  At  numerous  points  along  its  course  the  water  rises 
to  ihe  surface  during  the  smnmer  and  flows  for  a  short  distance,  again  disappearing  in 
the  sand.  At  points  where  the  waters  make  their  appearance  on  the  surface  numerous 
diversions  are  made  for  irrigation  along  the  valley,  where  the  soil  is  deep  and  is  under  the 
highest  state  of  cultivation,  this  being  especially  tlie  case  on  the  lower  reaches  of  the  river 
below  the  town  of  Santa  Paula.  The  principal  tributaries  of  this  stream  are  Pirn  Creek, 
Sespe  Creek,  and  Santa  Paula  Creek,  all  of  which  produce  a  very  heavy  flood  discharge 
of  short  duration  during  the  rainy  season,  but  during  the  summer  months  have  a  light 
discharge.  On  the  upper  reaches  of  the  principal  tributaries  of  this  stream  the  topography 
is  rough  and  broken,  the  streams  discharging  through  deep  canyons.  This  is  especially 
noticeable  on  the  Sespe  Creek.  '  On  the  upper  reaches  of  the  main  stream  the  country  is 
rolling  and  has  a  sparse  covering  of  timber  with  a  considerable  growth  of  brush  and  grass, 
and  is  used  extensively  for  pasturage.  The  formation  is  of  shale,  sandstone,  and  conglom- 
erate throughout  the  entire  basin.  The  precipitation  is  extremely  light  in  the  upper 
reaches  of  this  basin,  but  increases  on  the  lower  reaches  nearer  the  Pacific  Ocean  and 
ftlk  in  the  form  of  rain. 

MXSCELIAinEOXrB  KSA8TJBI1IBKT8  IK  SAHTA  OLABA  RTTXR  DKAIHAOB  BABTS, 

The  foUowing  is  a  list  of  miscellaneous  discharge  measurements  made  in  the  Santa  Clara 
Hiver  drainage  basin  during  1905: 

C(UMdo9  diieh  near  CamuloSf  Cal. — ^This  ditch  diverts  water  from  the  Santa  Clara  River 
1  mile  above  Camulos,  CaL  The  water  is  used  for  the  irrigation  of  land  at  Camulos.  A 
nieasurpment  was  made  October  19  by  W.  B.  Qapp  in  a  flume  about  1,000  feet  below  the 
bead  of  the  canal 
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Width,  3.5  feet;  area,  3.5  square  feet;  mean  velocity,  2.17  feet  per  second;  discharge,  7.6 
second-feet. 

Farmers*  canal  near  Santa  Patdaf  Col, — ^This  canal  diverts  water  from  the  Santa  Clan 
River  at  a  point  1  mile  above  Santa  Paula,  Cal.  The  water  is  used  for  irrigation  of  land 
between  Santa  Paula  and  Saticoy,  Cal.  A  measurement  was  made  October  21  by  W.  B. 
Clapp  in  ilume  200  feet  below  where  canal  crosses  Santa  Clara  River,  about  1  mile  above  the 
town  of  Santa  Paula,  Cal. 

Width,  4  feet;  area,  4.8  square  feet;  mean  velocity,  1.50  feet  per  second;  discharge,  12 
second-feet. 

Orees  ditdi  near  Santa  Patdaf  Cal. — ^This  ditch  diverts  water  from  the  Santa  Clara  Ritct 
about  1  mile  above  the  town  of  Santa  Paula,  Cal.  The  water  is  used  for  the  irrigation  of 
land  between  Santa  Paula  and  Saticoy.  A  measurement  was  made  on  October  21  by  W.  B. 
Clapp  at  a  point  200  feet  below  head  of  ditch  and  about  1  mile  above  the  town  of  Santa 
Paula,  Cal. 

Width,  8  feet;  area,  6.6  square  feet;  mean  velocity,  1.39  feet  per  second;  discharge,  9.2 
second-feet.  >. 

Piru  Land  and  Water  Company's  upper  diversion  near  Esperama,  Cal. — ^This  water  is 
diverted  from  Piru  Creek  for  domestic  and  irrigation  purposes  in  the  town  of  Piru,  CaL  A 
measurement  was  made  October  20  by  W.  B.  Clapp  at  point  of  diversion  at  head  of  pipe  line, 
1  mile  above  the  town  of  Esperanza,  Cal. 

Width,  5  feet;  area,  1.5  square  feet;  mean  velocity,  0.93  foot  per  second;  dischaige,  1.4 
second-feet. 

Piru  Creek  near  Esperamay  Cal. — This  stream  is  a  tributary  of  the  Santa  Clara  River.  A 
measurement  was  made  October  20  by  W.  B.  Clapp  at  point  1  mile  above  Esperanza,  Cal., 
and  below  the  upper  diversion  of  the  Piru  Land  and  Water  Company. 

Width,  8  feet;  area,  2.4  square  feet;  mean  velocity,  1.42  feet  per  second;  discharge,  3.4 
second-feet.  For  total  flow  of  Piru  Creek  at  this  point  add  upper  diversion  of  Piru  Land 
and  Water  Company. 

Piru  Creek  near  Piru  Cityy  Cal. — A  measurement  was  made  October  20  by  W.  B.  Clapp 
1  mile  above  Piru  City  and  above  lower  diversion  of  Piru  Land  and  Water  Company. 

Width,  8  feet;  area,  2.8  square  feet;  mean  velocity,  1.90  feet  per  second;  dischaige,  5.3 
second-feet.  This  measurement  shows  total  flow  of  Piru  Creek  at  this  point  and  includes  the 
discharge  of  Piru  Creek  1  mile  above  Esperanza,  Cal.  The  increase  is  caused  by  seepage 
water  along  the  creek. 

Sespe  Land  and  Water  Company^s  canal  near  SespCy  Cal. — This  canal  diverts  water  from 
Sespe  Creek  and  is  used  for  irrigation  of  land  in  the  vicinity  of  Sespe.  A  measurement  was 
made  October  20  by  W.  B.  Clapp  one-half  mile  below  head  of  canal. 

Width,  5.2  feet;  area,  4.5  square  feet;  mean  velocity,  1.47  feet  per  second;  discharge,  6.6 
second-feet. 

Sespe  Creek  near  Sespe,  Cal. — This  oreek  is  a  tributary  of  the  Santa  Clara  River.  A 
measurement  was  made  October  20  by  W.  B.  Clapp  one-half  mile  below  heading  of  Se^ 
Land  and  Water  Company's  canal. 

Width,  4  feet;  area,  2.9  square  feet;  mean  velocity,  1.66  feet  per  second;  dischaige,  4.8 
second-feet.  For  total  flow  of  Sespe  Creek  add  discharge  of  Sespe  Land  and  Water  Com- 
pany's canal  as  shown  by  measurement  made  on  this  date. 

San  Francisquito  Creek  near  Saugus,  Cal. — This  creek  is  a  tributary  of  the  Santa  Clara 
River.  A  measurement  was  made  October  19  by  W.  B.  Clapp  at  road  crossing  near  Newhall 
ranch,  3J  miles  below  Saugus,  Cal.,  and  500  feet  above  junction  with  Santa  Clara  River 

Width,  5  feet;  area,  2.8  square  feet;  mean  velocity,  0.46  foot  per  second;  dischaige,  1.3 
second-feet. 

Santa  Paula  Creek  near  Santa  Paula,  CoZ.— This  stream  is  a  tributary  of  the  Santa  Clara 
River.  A  measurement  was  made  October  21  by  W.  B.  Clapp  3  miles  above  Santa  Paula 
and  above  diversion  of  the  Santa  Paula  Land  and  Water  Company. 

Width,  11  feet;  area,  5.6  square  feet;  mean  velocity, 0.88  foot  per  second;  dischaige,  4.9 
second-feet.    This  measurement  shows  total  discbarge  of  Santa  Paula  Creek  on  this  date. 
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Sania  Clara  River  near  Saagxu,  Cal. — A  measurement  was  made  October  19  by  W.  B. 
Clapp  at  road  crossing  near  Newhall  ranch,  3}  miles  below  Saugus,  Cal. 

Width,  6  feet;  area,  3.8  square  feet;  mean  velocity,  1.39  feet  per  second;  dischaige,  5.3 
second-feet. 

Sania  Clara  River  near  CamvloSf  Cat, — A  measurement  was  made  October  19  by  W.  B. 
Clapp  at  a  point  1  mife  above  Camulos  and  1,000  feet  below  diversion  of  Camulos  ditch. 

Width,  11  feet;  area,  4.9  square  feet;  mean  velocity,  2.06  feet  per  second;  dischai^,  10.1 
second-feet.  For  total  discharge  of  Santa  Clara  River  at  this  point  add  discharge  of  Camulos 
ditch. 

Sania  Clara  River  near  Santa  Pavla,  Cal. — ^A  measurement  was  made  October  21  by  W.  B. 
Clapp  1  mile  above  Santa  Paula  and  about  500  feet  below  diversion  of  Farmers  and  Grees 
canals. 

\^dth,  33  f^t;  area,  17.4  square  feet;  mean  velocity,  1.55  feet  per  second;  dischaige,  27 
second-feet.  For  total  diversion  of  Santa  Clara  River  at  this  point  add  dischaige  of  Farmers 
and  Grees  canak. 

Santa  Clara  River  near  Saticoyj  Cal, — ^A  measurement  was  made  October  21  by  W.  B. 
Clapp  at  a  point  opposite  Saticoy  and  200  feet  below  head  of  Santa  Clara  Water  and  Irrigar 
tion  Company's  canal. 

Width,  14  feet;  area,  14.7  square  feet;  mean  velocity,  1.63  feet  per  second;  dischaige,  24 
second-feet.  For  total  dischaige  of  Santa  Clara  River  at  this  point  add  dischaige  of  Santa 
Clara  Water  and  Irrigation  Company's  canal. 

Santa  Clara  Water  and  Irrigation  Campany*8  canal  near  Saiicoy,  Cal. — This  canal  diverts 
water  from  the  Santa  Clara  River  and  is  used  for  the  irrigation  of  Santa  Clara  ranch  near 
Oxnard,  Cal. 

Measurement  made  over  weir.     Discharge  equals  16.7  second-feet. 

SANTA  YNKZ   RIVER   DRAINAGE    BASIN. 

DXBORIFTIOV   OF  BABIK. 

Santa  Ynez  River  rises  in  the  mountains  of  Santa  Barbara  and  Ventura  counties  and  flows 
Wfsterly  with  a  flat  grade  to  the  Pacific  Ocean,  having  a  length  of  approximately  75  miles. 
The  Santa  Ynez  Range  of  mountains,  varying  in  elevation  from  3,000  to  4,000  feet,  forms 
the  southern  boundary  of  this  drainage  basin.  The  northern  divide  ranges  from  4,500  to 
5,500  feet  in  elevation,  culminating  in  Mount  Pinos,  the  elevation  of  which  is  8,826  feet.  The 
oortbem  part  of  the  watershed  is  drained  by  streams  running  in  a  southerly  direction  and 
uniting  with  the  Santa  Ynez  River  proper,  which  runs  close  to  the  northerly  base  of  the 
Santa  Ynez  Mountains,  flowing  westerly  and  paralleling  the  Coast  Range.  The  principal 
tributary,  Mono  Creek,  enters  from  the  north. 

The  fomiation  throughout'  the  entire  drainage  basin  consists  chiefly  of  shale  and  sand- 
stone, the  strike  being  parallel  to  the  coast  and  the  dip  nearly  vertical,  inclining  somewhat 
to  the  south. 

The  greater  portion  of  the  drainage  is  sparsely  covered  with  brush  and  small  trees,  only  a 
small  area  on  the  higher  elevations  having  any  considerable  growth  of  timber. 

The  mean  annual  precipitation  is  estimated  at  25  inches  for  the  entire  area  and  faUs  almost 
entirely  in  the  form  of  rain. 

There  are  several  reservoir  sites  on  Santa  Ynez  and  its  tributaries  which  have  been 
surveyed. 

BAITTA  THSZ   RIVEK   VEAB   SANTA  BARBARA,   OAL. 

The  original  station,  at  which  measurements  were  made  during  the  greater  part  of  1903, 
was  located  about  1  mile  above  the  mouth  of  Mono  Oeek.  On  November  1,  1903,  the  old 
station  was  abandoned  and  a  new  station  established  by  L.  M.  Hyde.  It  is  located  at  the 
Gibraltar  dam  site,  5  miles  below  the  original  station,  and  is  below  the  mouth  of  Mono  Creek. 
It  is  9  miles  above  the  San  Marcus  ranch  and  halfway  between  the  old  quicksilver  mines. 
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The  channel  is  straight  for  700  feet  aboye  and  600  feet  below  the  station.  The  right  bank 
is  low,  but  is  not  liable  to  overflow.  The  left  bank  rises  abruptly  about  20  feet  beyond  the 
tree  to  which  the  cable  is  attached.  It  is  not  liable  to  overflow.  The  bed  of  the  stream  is 
composed  of  sand  and  gravel,  free  from  vegetation  and  bowlders.  The  cross  section  is 
regular  and  is  permanent.    The  current  is  swift. 

Discharge  measurements  are  made  at  high  water  by  means  of  a  cable.  Measurements  can 
can  usuaUy  be  made  by  wading.  The  initial  point  for  soundings  is  a  blaze  at  the  base  of  the 
Cottonwood  tree  on  the  right  bank,  to  which  the  cable  is  attached. 

The  gage  is  an  inclined  timber  spiked  to  a  cottonwood  tree  on  the  right  bank.  The  tree  is 
blazed  and  graduated  above  the  gage  rod  for  recording  stages  above  the  gage.  The  bench 
mark  is  a  cross  on  a  bench  of  a  ledge  of  rock  on  the  left  bank,  about  100  feet  below  the  cable. 
Elevation,  13.54  feet  above  the  datum  of  the  gage.  The  approximate  elevation  above  sea 
level,  as  estimated  from  topographic  maps,  is  1 ,200  feet. 

Information  in  regard  to  this  station  is  contained  in  Water  Supply  Papers  Nos.  81, 100, 
and  134  of  the  United  States  Greological  Survey. 

DaUy  gage  height  ^  in  feet,  of  Santa  Ynez  River  near  Santa  Barbara,  Cal.,for  1905. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.95 

1.95 

1.95 

1.95 

1.95 

1.95 

1.95 

1.95 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.3 

2.3 

2.25 

2.25 

2.25 

2.25 

2.2 

3.8 

3.7 

2.0 

2.55 

2.5 

2.45 

2.4 

2.45 

2.5 

2.45 

2.4 

2.4 

2.4 

4.25 

3.15 

2.9 

2.8 

2.75 

2.65 

2.65 

2.6 

2.6 

2.6 

2.5 

2.5 

3.6 

8.4 

6.8 

4.0 

3.9 

3.75 

3.7 

3.65 

3.65 

3.6 

3.6 

3.6 

3.55 

3.4 

4.45 

6.55 

4.0 

3.75 

3.7 

3.65 

3.5 

3.4 

3.3 

3.2 

3.15 

3.1 

3.1 

3.1 

3.05 

3.0 

3.0 

3.05 

3.1 

3.0 

2.9 

2.9 

2.85 

2.9 

4.7 

8.9 

5.65 

4.65 

5.3 

4.65 

4.4 

4.15 

4.0 

3.8 

3.75 

3.65 

3.6 

3.55 

3.5 

3.4 

3.4 

3.6 

3.4 

3.3 

3.25 

3.25 

3.2 

3.15 

3.15 

3.1 

3.1 

3.05 

3.05 

3.05 

3.0 

3.05 

3.0 

2.95 

2.95 

2.9 

2.9 

2.9 

2.85 

2.85 

2.85 

2.8 

2.8 

2.8 

2.75 

2.75 

2.85 

2.75 

2.7 

2.7 

2.65 

2.7 

2.65 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.55 

2.65 

2.55 

2.55 

2.55 

2.5 

2.5 

2.5 

2.6 

2.6 

2.5 

2.5 

2.45 

2.45 

2.45 

2.46 

2.45 

2.46 

2.45 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.35 

2.35 

2.35 

2.3 

2.3 

2.25 

2.25 

2.2 

2.2 

2.2 

2.15 

2.15 

2.15 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.9 

1.9 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
.  1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

2.0 

2.1 

2.1 

2.1 

2.05 

3.06 

2 

205 

3 

2.05 

4 

2.05 

5 

2.05 

6 

^(«I) 

7 

2.05 

8 

9 

2,05 
2.05 

10 

2.05 

11 

2.05 

12 

2.05 

13..., 

14 

2.05 
2.05 

IS 

2.05 

16 

2.05 

17 

2.05 

18 

2.05 

19 

2.05 

20 

2.05 

21 

2.05 

22 

2.05 

23 

2.05 

24 

2.05 

25 

2.05 

26 

?nft 

27 

2.05 

28 

2.06 

29 

2,(15 

30 

9.(6 

31 

2.05 
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Statian  rating  tabUfor  Santa  Ynez  River  near  SarUa  Barbara,  Cal.,from  January  1  to  February 

e,  1905. 


hS^t. 

Discharge,  i 

Feet. 

Second^eet: 

2.00 

0.4    , 

2.10 

2.8 

2.20 

8.4    1 

2.30 

U.6 

2.40 

18.6 

2.50 

28 

Gage 
height. 


Feet. 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 


Discharge. 


Second-feet. 
38 
50 
65 
82 
103 
126 


Ga«e 
height. 

Feet. 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 


Discharge.  | 

Second-feet. 
154. 
186 
222 
263 
306 
353 


Gage 
height. 

Feet. 
.3.80 
3.00 
4.00 


Discharge. 


Second-feet. 
401 
451 
502 


Station  rating  taUefor  Santa  Ynez  River  near  Santa  Barbara^  Cat.,  from  February  3  to  Decern' 

ber  Sly  1906. 


Gaee 
height. 

Discharge. 

\    Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heii5it 

Discharge. 

Feet. 

Second-feet. 

'    Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.80 

1 

'       3.00 

153 

4.20 

875 

5.80 

2,790 

1.90 

2 

3.10 

184 

4.30 

965 

6.00 

3,070 

2.00 

3 

3.20 

220 

4.40 

1,065 

6.20 

1         3,360 

2.10 

5 

3.30 

265 

4.60 

1,175 

6.40 

3,650 

2.20 

10 

3.40 

315 

4.60 

1,285 

6.60 

3.940 

2.30 

19 

3.50 

370 

4.70 

1,395 

6.80 

4.230 

2.40 

30 

3.60 

430 

4.80 

1,510 

7.00 

4,520 

2.50 

44 

3.70 

495 

4.90 

1,630 

7.50 

5,245 

2.60 

60 

3.80 

565 

5.00 

1,750 

8.00 

5,970 

2.70 

79 

3.90 

635 

5.20 

1,990 

8.50 

6,695 

2.80 

100 

4.00 

710 

5.40 

2,250 

9.00 

7,420 

2.90 

125 

i        4.10 

790 

5.60 

2,510 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions, 
measamncnts  made  during  January,  February,  and  March,  1906. 


It  is  based  on  dischaigq 


Ettimaied  monthly  di^tharge  of  Santa  Ynez  River  near  Santa  Barbara,  Cal.,  for  1905. 
[Drainage  area,  207  square  miles.J 


Month. 


January , 

February 

March 

April 

May 

June 

July 

.\ugu«t 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum.  Minimum. 


635 

6,650 

7,275 

242 

100 

30 

4 

3 

2 

1 

5 

4 


7,275  , 


6.4 
28.0 
112 
79 
37 

5 

3 

2 

1 

1 

1 

4 


1.0 


Mean. 


73.8 
905 
797 
143 
52.5 
15.9 
3.8 
2.6 
1.4 
1.0 
2.1 
4.0 


Run-off. 


a^?^feS     Second-feet 
acre-le«t.     ^^         ^.^ 

mile. 


4,538 

50,260 

49,010 

8,509 

3,228 

946 

234 

160 

83 

61 

125 

246 


167 


117,400 


0.357 

4.37 

3.85 
.691 
.254 
.077 
.018 
.013 
.0068 
.0048 
.010 
.019 


Perth 
1  inchcf. 


0.412 

4.55 

4.44 
.771 
.203 
.086 
.021 
.015  • 
.0076 
.0055 
.011 
.022 


.806 


I 


10.63 


Digitized  by  vjOOQIC 
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SANTA  MARIA  RIVER  DRAINAGE  BASIN. 

DEBOBIPTIOV  07  BABDI. 

The  Santa  Maria  River  drains  the  northern  slope  of  the  San  Rafael  Mountains  and  a  lim- 
ited area  of  foothill  country  to  the  north  of  this  range.  It  flows  in  a  westerly  direction, 
finally  discharging  its  waters  into  the  Pacific  Ocean  at  Ouadalupe  about  25  miles  south  of 
San  Luis  Obispo.  Its  flow  is  torrential  in  character,  subject  to  floods  of  short  duration  dur- 
ing the  rainy  period,  but  being  practically  dry  during  the  summer  months.  It  has  numeroui$ 
tributaries,  the  most  important  of  which  is  the  Sisquoc,  which  enters  it  about  12  miles  above 
the  town  of  Santa  Maria.  The  gaging  station  is  located  about  25  miles  above  the  town  of 
Santa  Maria  and  above  most  of  its  important  tributaries.  The  country  throughout  this 
basin  consists  of  rolling  foothiUs,  with  the  exception  of  the  higher  elevations  of  the  San 
Rafael  Mountains,  which  reach  an  elevation  of  6,000  to  8,000  feet.  The  ri  ver  breaks  from  the 
foothiUs  at  the  point  where  it  is  joined  by  the  Sisquoc  and  flows  through  the  flat  countiy  of 
the  Santa  Maria  VaUey  for  a  distance  of  about  25  miles  until  it  joins  the' Pacific  Ocean  at 
Guadalupe.  The  formation  throughout  this  basin  is  of  shale,  sandstone,  and  conglomerate, 
with  a  good  covering  of  heavy  clay  soil.  There  is  considerable  growth  of  timber  on  the 
higher  elevations  of  the  San  Rafael  Mountains,  but  over  most  of  the  area  the  growth  of 
timber  is  light,  with  large  areas  of  brush  and  grass.  The  pasturage  of  stock  is  carried  oo 
extensively  throughout  the  basin.  There  are  no  diversions  along  this  stream  for  irrigation 
although  tunnel  work  has  been  attempted  above  Santa  Maria  for  the  development  of  unde^ 
ground  water,  with  poor  results.  There  are  numerous  wells  in  the  vicinity  of  Santa  Maria 
which  produce  considerable  water  for  the  irrigation  of  Und  in  that  locality,  the  soil  being 
very  deep  and  of  exceptional  quality,  susceptible  to  the  highest  state  of  cultivation.  The 
mean  precipitation  in  this  drainage  basin  is  probably  about  25  inches.  The  greatest  rain- 
fall occurs  on  the  lower  elevations  near  the  coast.  The  higher  elevations  receive  some  snow- 
fall, which  melts  early  in  the  spring  and  does  not  tend  to  keep  up  the  flow  of  the  stream 
through  the  summer. 

SAHTA  KA&IA  EIVEB  NEA&  BAHTA  KARIA,  OAL. 

This  Station  was  established  October  22,  1903,  by  W.  B.  Clapp.  It  is  located  near  the 
ranch  house  on  Dutard's  ranch,  21  miles  above  Santa  Maria,  Cal.,  a  station  on  the  Pacilk 
Coast  Railway.     It  is  reached  by  driving  from  Santa  Maria. 

The  channel  is  slightly  curved  for  300  feet  above  and  curved  for  1,000  feet  below  the  sta- 
tion.   The  water  is  swift  at  medium  and  flood  stages. 

TTie  right  bank  is  high  and  rocky,  and  not  liable  to  overflow.  The  left  bank  is  low,  cov- 
ered with  scattering  poplar  trees,  but  not  liable  to  overflow.  The  bed  of  the  stream  is  com- 
posed of  sand  and  gravel.  A  portion  of  the  bed  is  covered  with  a  light  growth  of  low  brush. 
The  channel  is  not  liable  to  much  change. 

At  low  and  medium  water  discharge  measurements  are  made  with  meter  by  wading. 
During  high  water  velocities  are  measured  by  means  of  floats.  For  this  purpose  two  wires 
are  stretched  across  the  stream  254  feet  apart.  The  rise  in  the  channel  ab^ve  the  upper 
wire  is  0.40  foot  in  100  feet,  and  below  the  upper  wire  it  is  0.57  foot  in  100  feet.  The  initial 
points  for  soundings  are  blazes  on  the  poplar  trees  on  the  left  bank,  to  which  the  wires  are 
attached. 

The  gage  is  an  inclined  staff,  fastened  to  a  rock  ledge  at  the  right  bank.  During  1905  the 
gage  was  read  once  each  day  by  James  A.  Thompson.  The  bench  mark  is  a  spike  driven  near 
the  ground  into  the  south  side  of  the  poplar  tree  to  which  the  upper  wire  is  fastened  on  the 
left  bank  of  the  stream;  elevation,  9.65  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  VVater-§upply  Papers  Noa.  100  and 
134  of  the  United  States  Geological  Survey. 
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Discharge  measurementa  tf  Santa  Maria  River  near  Santa  Maria,  Oal.f  in  1906. 


Date.                           Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Ga«e 
height. 

Dis- 
charge 

February  2 

E.  C.  La  Rue 

Feet. 
34 
24 
40 

Sq.ft. 
30 
22 
28 

Ft.  per  sec. 
2.67 
2.14 
2.39 

Feet. 
3.30 
2.70 
1.20 

Sec.-ft. 
80 

O.  W.  Peterson 

47 

Marrh'n 

do 

67 

DaHy  gage  height ,  in  feet  ^  of  Santa  Maria  River  near  Santa  Maria,  Cal.,for  1906. 


Day. 

.an.' 

Feb. 
2.6 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 
0.6 

Sept.     O 

3t. 

Nov. 

Dec. 

1 

3.5 

2.05 

0.9, 

0.8 

0.65 

0.7 

0.5        0 

6 

0.76 

0.85 

2 

3.0 

3.8 

2.05 

.9 

1.1 

.65 

.5 

6 

.75 

.85 

3 

2.9 

6.0 

2.05 

.9 

1.0 

.7 

.6 

6 

.76 

.86 

4 

2.7 

5.«5 

2.05 

.9 

.85 

.7 

.5 

65 

.75 

.8 

5 

2.7 

5.0 

2.05 

.9 

.8 

.7 

.5 

65 

.76 

.8 

6 

2.7 

5.0 

2.7 

.9 

.8 

.7 

.5 

65 

.76 

.8 

f 

2.7 
2.7 
2.7 

3.5 
3.2 
3.0 

2.65 
2.5 
2.35 

.85 
.85 
.85 

.8 
1.2 

.7 

.7 

.5 
.6 
.5 

65 
65 
65 

.76 
.76 
.76 

.8 

8 

.8 

9 

1.25        .7 

.8 

10 

2.7 

2.9 

2.2 

.85 

1.0 

.5 

65 

.76 

.8 

11 

2.7 

2.85 

2.2 

.85 

.9 

.6 

.5 

65 

.76 

.8 

12 

2.65 

2.8 

2.2 

.85 

.9 

.6 

.6 

65 

.76 

.8 

13 

2.65 

2.75 

10.0 

.85 

.85 

.6 

.5 

65 

.76 

.8 

14 

2.65 

2.75 

«5.0 

.85 

.85 

.5 

65 

.75 

.8 

15 

2.65 

2.65 

0  4.5 

.85 

.8 

.6 

65 

.76 

.8 

16 

2.7 

3.0 

14.0 

.85 

.8 

.5 

.76 

.8 

17 

2.65 
2.65 

4.1 
5.95 

<4.0 
«3.5 

.85 
.85 

.8 
.8 

65 
65 

.6 

.5 
.6 

.76 
.76 

.8 

W 

.8 

19 

2.65 

4.0 

«3.5 

.85 

.8 

65 

.6 

.76 

.85 

30 

2.65 

2.6 

«2.0 

.85 

.8 

65 

.6 

.76 

.85 

21 

3.0 

2.4 

1.2 

.85 

.8 

65 

.5 

.76 

.85 

22 

2.8 

2.35 

1.1 

.85 

.75 

65 

.5 

.75 

.85 

23 

.i.7 

2.25 

1.05 

.85 

.75 

65 

.6 

.5 

' 

.75 

.85 

24 

2.7 

2.15 

1.05 

.85 

.7 

65 

.6 

.5 

7 

.75 

.85 

25 

265 

2.15 

1.0 

.85 

.65 

65 

.55 

.7 

75 

.75 

.85 

26 

2.65 

2.15 

1.0 

.85 

.6 

65 

.55 

.7 

75 

.75 

.a 

27 

2  65 

*»  t 

1.0 

.85 

.6 

65 

.55 

.65 

75 

.75 

.8 

28 

265 

2.05 

1.2 

.85 

.6 

65 

.55 

.6    I 

75 

.85 

.8 

29 

2.65 

1.2 

.8 

.6 

65 

.5 

.6    1 

75 

.85 

.85 

30 

2.6 

1.1 

.8 

.65 

6 

.5 

.6 

75 

.85 

.85 

31 

2.6 

1.0 

.65 



6 

.5 

1 

75 

.85 

1KB  177—06 9 


a  Estimated. 
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9Ud  mofUhly  diaduarge  cfSanla  Maria  River  near  Santa  Marian  Col.,  for  1906. 


Month. 

Discharge  to  second-feet.           -,  ^  , . 
Total  In 

Maximum. 

Minimum. 

Mean.      •^^'e**. 

122 
1,915 
10,000 
18 
74 
6 
6 
3 
6 
8 
14 
14 

13 
6 
6 

10 
3 
4 
3 
1 
1 
3 
8 

10 

22.5                1,384 

361                 20,050 

574      ,           35,290 

14.5                   863 

15.5                   953 

5  9  t                352 

5.0  '                307 

2.7  '                 166 

JT 

16                    96 

5.4                   332 

JT 

8.6                   512 

it 

11.7  \                719 

i«year 

10,000 

1 

85.7              bl,020 

-Estimates  daring  high-water  periods  are  approximate  only. 


SALJNAS  RIVER  DRAINAGE  BASIN. 


DSSOBIPTIOV  07  BA8DI. 

Arroyo  Seoo  is  the  most  northern  tributftiy  of  any  size  of  the  Salinas  River,  and  rises 

1  slopes  of  the  highest  portion  of  the  Santa  Lucia  Range,  one  of  the  ranges  that  go  to 

op  the  Coast  Range  of  California  extending  in  a  general  southeast  direction  from  San 

iwo  Bay.    The  upper  vaUeys  of  this  stream  are  far  back  in  the  range,  surrounded  by 

ODoun  tains. 

6  drainage  area  of  the  Arroyo  Seoo  is  almost  entirely  made  up  of  sharp  ndges  and  V- 

iA  canyons.     The  western  portion  is  well  covered  with  brush  and  trees  of  medium  size. 

ird  the  east  this  growth  decreases  until  at  the  Salinas  Valley  the  country  is  bare.     The 

ID  beds  of  this  area  fall  rapidly,  the  Arroyo  Seco  rising  at  an  elevation  of  nearly  6,000 

and  dischafging  into  the  Salinas  at  an  elevation  of  170  feet. 

*low  the  gaging  station  several  canals  divert  water  from  this  stream  before  it  reaches  the 

4l  trash  of  sand  and  gravel  on  the  flat  floor  of  the  Salinas  Valley,  into  which  it  sinks  dur- 

ibe  dry  season  and  from  which  it  receives  its  name  "Arroyo  Seco.^' 

here  are  five  reservoir  sites  on  the  stream  and  its  tributaries,  of  more  or  less  value  as 

«ble  storage  reservoirs,  that  have  already  been  surveyed. 

liis  portion  of  the  range  undoubtedly  receives  as  great  rainfall  as  any  other  locality  in 

I  region,  and  it  is  estimated  that  the  average  annual  precipitation  is  from  30  to  50  inches 

1  falls  almost  entirely  in  the  form  of  rain. 

ABBOTO  SECO  HEAB  80LEDAD,  CAL. 

Hie  original  gaging  station  on  this  stream  was  established  by  W.  W.  Cockins,  jr.,  in 
♦ecmber,  1900,  at  Foster's  ranch,  near  Piney,  Cal.  High  water  of  January,  1901,  enlarged 
•  old  side  channel,  dividing  the  stream  into  two  channels.     The  gaging  station  was  then 

iBioved  to  Pettitt's  ranch,  4  miles  below  the  old  station. 
TTie  channel  is  straight  for  400  feet  above  and  below  the  station.    The  right  bank  is  low, 

*»ded,  and  subject  to  overflow.    The  left  bank  is  high,  rocky,  and  not  subject  to  overflow. 

Ak  bed  of  the  stream  is  composed  of  gravel  and  is  not  subject  to  much  change. 
Diecbaige  measurements  are  made  by  means  of  a  cable  and  ear.    Tlie  initial  point  for 

vundiDgs  is  on  the  left  bonk. 
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STBEAM  MEASUBEMEKTS  IN  1906,  PABT  Xni. 


The  gage  rod  is  in  two  sections.  The  low-water  section  is  placed  400  feet  above  the  cable 
on  the  right  bank;  the  high-water  section  is  fastened  to  a  sycamore  tree  above  the  cable  and 
about  2^  feet  from  the  right  bank  of  the  low-water  channel.  During  1905  the  gage  was 
read  by  Mrs.  Charles  Pettitt.  Th  e  bench  mark  is  a  spike  in  the  tree  to  which  the  high-water 
section  of  the  gage  is  fastened;  elevation,  15.00  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  81, 100, 
and  134  of  the  United  States  Geological  Survey. 

Discharge  measnremerUs  of  Arroyo  Seco  River  near  Soledad,  Co/.,  in  1906. 


Date. 


Hydrographer. 


January  31 . 
February  2. 
Februarys. 

Februarys do. 

February  16 do. 

February  17 do. 

March  11 do. 

March  13 1 do. 

March  16 i do. 

March  17 do. 

March  19 1 do. 

March  29 do. 

Aprll9 1 do. 

AprUie I do. 

April  19 do. 

..do. 

..do. 

..do. 


La  Rue  and  Pettitt . 

Charles  Pettitt 

....do 


April  29.... 

May  7 

Mays 

May  28 1 do 

June4 1 do 

June  12 , do 

June  18 ; do 

Do I do 

Juno  24 1 do 

July  3 do 

July9 ^ do 

July  15 do 


July  23 ... . 
July  29.... 
August  6 . . 
August  10 . 


.do. 
.do. 
.do. 
.do. 


Width. 


Feet. 
122 
130 
124 
125 
125 
133 
120 
133 
128 
128 
133 
125 
123 
123 
123 
122 
130 
125 
123 
123 
122 
122 
48 
43 
41 
40 
38 
35 
36 
34 
27 


Area  of 
section. 


Mean 
velocity. 


heij^.  I 


Dis- 
charge. 


Sq.ft. 
123 
410 
281 
254 
212 
423 
135 
484 
327 
288 
455 
248 
158 
150 
151 
117 
351 
241 
107 
113 
95 
89 
63 
54 
49 
46 
42 
39 
37 
35 
24 


Ft.per  sec. 
1.04 
3.84 
3.05 
3.06 
2.29 
4.32 
1.05 
4.65 

4.02  I 
2.91  I 
4.90  I 
2.36  I 
1.57  ' 
1.40  I 
1.59  I 
1.07  I 
3.75  I 
2.86  I 
1.15  I 

1.03  ' 
.82  I 
.76 

1.24 
1.00 
.80 
.61  ' 
.57  ' 
.54  I 
.43  I 
.37 
.33 


Feet. 
5.91 
8.80 
7.50 
7.35 
6.82  I 
8.95  I 
5.90 
10.05 
8.00  I 
7.50 
9.30 
7.05 
6.10 
6.09  ' 
6.16 
5.95 
8.30  ' 
7.12  I 
5.93 
5.83 
5.75  1 
5.70  : 
5.70 
5.62  j 
5.55 
5.48 
5.45 
5.42  I 
5.40  ! 


5.38  , 
5.33 


See.'/L 

128 

1,574 

S36 

778 

486 

1,829 

142 

2,^ 

1,315 

838 

2,233 

38S 

24g 

210 

240 

125 

1,317 

68» 

123 

116 

78 

6i> 

78 

M 

39 

2S 

24 

21 

16 

13 
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DaSy  gage  height,  in  feet,  cf  Arroyo  8eco  River  near  SoUdad,  Cal.y  for  1905, 


Day. 

Jan. 

Feb. 

M.r. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

6.1 

8.4 

6.15 

6.5 

5.9 

5.85 

5.6 

6.4 

5.2 

5.25 

5.36 

5.65 

2 

5.9 

8.6 

6.1 

6.45 

6.55 

5.85 

5.55 

6.4 

5.2 

5.25 

5.35 

5.6 

3 

5.8 

7.45 

6.05 

6.4 

6.2 

6.8 

5.5 

5.4 

5.2 

5.25 

5.36 

5.55 

4 

5.75 

7.4 

6.0 

6.35 

6.05 

5.85 

5.6 

6.4 

5.2 

5.25 

5.35 

6.5 

5 

5.7 
5.7 

7.35 
7.2 

6.0 
6.0 

6.3 
6.25 

6.0 
6.0 

5.8 
5.8 

5.5 
5.5 

6.4 
5.4 

5.2 
5.2 

5.25 
5.25 

5.35 
5.35 

6  5 

.:::::::::::.:. 

5.5 

5.65 
5.6 

7.0 
6.8 

5.95 
5.9 

6.25 
6.2 

7.9 
7.2 

5.8 
5.8 

5.5 
5.5 

5.35 
5.35 

5.2 
6.2 

5.25 
6.25 

6.35 
5.35 

5.5 

;::::::::::::::: 

5.5 

9 

5.8 

6.65 

5.9 

6.1 

6.8 

5.8 

5.5 

6.35 

5.2 

5.25 

5.35 

5.6 

6.0 

6.55 

5.9 

6.15 

6.6 

5.8 

5.5 

5.35 

5.2 

5.25 

5.35 

5.5 

n 

5.9 

6.45 

5.9 

6.1 

6.45 

5.75 

6.45 

5.35 

5.2 

6.25 

5.35 

5.5 

12 

5.8 

6.35 

6.55 

6.1 

6.4 

5.75 

5.45 

5.36 

5.2 

5.25 

5.35 

5.5 

13 

5.8 

6.3 

10.1 

6.1 

6.3 

5.7 

5.45 

5.35 

6.2 

5.25 

5.35 

5.5 

U 

6.9 

6.25 

7.85 

6.1 

6.2 

6.7 

6.46 

5.35 

6.2 

5.25 

5.35 

5.5 

15 

5.9 

6.2 

7.5 

6.05 

6.2 

5.7 

5.45 

5.  as 

6.2 

5.26 

5.35 

5.5 

16 

6.95 

6.8 

8.0 

6.1 

6.15 

5.7 

5.45 

5.3 

5.25 

5.25 

5.36 

5.5 

17 

6.3 
6.1 

8.5 
7.45 

7.6 
7.3 

6.05 
6.0 

6.1 
6.1 

5.7 
5.7 

5.45 
5.45 

6.3 
5.3 

6.25 
5.25 

5.3 
5.3 

5.4 
5.4 

5.6 

18 

5.56 

W 

6.2 
6.1 
6.5 
6.2 
6.1 

7.05 
6.9 
6.6 
6.5 
6.4 

9.1 

7.6 

7.a5 

7.1 

6.9 

6.2 

6.1 

6.05 

6.06 

6.0 

6.05 
6.05 
6.0 
6.0 
5.95 

5.7 

5.7 

5.7 

5.65 

5.65 

6.45 

5.4 

6.4 

5.4 

5.4 

5.3 
5.3 
5.3 
5.3 
6.3 

6.25 
5.2 
6.2 
5.2 
6.2 

6.3 
5.3 
5.3 
5.3 
6.36 

5.4 
5.4 
5.4 
,5.4 
5.4 

6  6 

20 

5.6 

21 

5.6 

22 

5.6 

23 

6.6 

24 

6.05 

6.35 

6.75 

6.0 

5.9 

5.ft5 

6.4 

5.3 

5.2 

5.35 

5.5 

5.65 

K 

6.1 

6.3 

6.7 

6.0 

5.9 

6.6 

5.4 

5.3 

5.2 

6.36 

5.65 

5.65 

» 

6.0 

6.25 

6.65 

6.0 

5.95 

5.6 

5.4 

5.3 

5.2 

6.35 

5.5 

5.5 

27 

6.0 

6.2 

6.55 

6.0 

5.95 

6.6 

5.4 

5.25 

6.2 

5.35 

5.5 

5.5 

28 

6.0 

6.2 

6.5 

6.0 

5.95 

6.6 

5.4 

5.25 

5.2 

5.35 

5.75 

5.5 

29 

5.95 

7.5 

5.95 

5.9 

5.6 

5.4 

5.25 

6.2 

5.35 

5.6 

5.65 

30 

5.9 

6.65 

5.95 

5.9 

6.6 

5.4 

5.25 

6.2 

6.35 

5.9 

6.6 

31 

5.9 

6.6 

5.85 

6.4 

5.25 

5.3 

6.5 

Statwn  rating  table  for  Arroyo  Seco  River  near  SoUdatl,  Col.,  from  January  1  to  December  SI , 

1905. 


0»fe 
height 


FeH. 
5.20 
5.30 
5.40 
5.50 
5.60 
5.70 
5.80 
5.90 
6.00 
6.10 
6.20 


Discharge. 

i  h?.Sl 

Second-feet. 

1     Feet. 

2 

6.30 

6 

6.40 

15 

6.50 

30 

6.60 

50 

6.70 

70 

I        6.80 

95 

1        6.90 

125 

7.00 

155 

7.10 

190 

7.20 

225 

1        7.30 

Discharge. 


Second-feet. 
265 
305 
345 
390 
435 
480 
530 
580 
635 
690 
745 


Gai 
hcigl 


Ke 
St. 


Feet. 
7.40 
7.50 
7.60 
7.70 
7.80 
7.90 
8.00 
8.20 
8.40 
8.60 


Discharge. 


Second-feet. 
800 
860 
920 
980 
1,045 
1,110 
1,175 
1,310    I 
1,450    I 
1,595    ' 
1,745     I 


Gage 
height 


^^      Discharge. 


Feet. 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 
10.20 
10.40 


Second-feet. 
1,900 
2,060 
2,225 
2,400 
2,580 
2,760 
2,945 
3,135 


Note.— The  above  table  is  applicable  only  for  opon-channel  conditions.    It  is  based  on  31  discharge 
lOttsureiDents  made  during  1905.    It  is  well  defined  between  gage  heights  5.3  feet  and  9.5  feet. 
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EstimaUd  morUhly  discharge  of  Arroyo  Seco  River  near  SdUdadf  Cat.  ^  for  1906 
[Drainage  area,  215  square  mileii.] 


Month. 


Discharge  in  second-feet. 


Maxhnum.   Minimum.      Mean. 


Total  In 
acre-feet. 


Run-off. 


January 

February 

March 

April 

May 

Jime 

July 

August 

September 

October 

November 

December 

The  year. 


555 

1,595 

2,850 

345 

1,110 

110 

50 

15 

4 

10 

125 

60 


50 

225 

125 

140 

110 

50 

15 

4 

2 

4 

10 
30 


160 
556 
586 
202 
246 
75.6 
22.8 
8.6 
2.3 
6.1 
22.4 
36.5 


0,838 

30,880 

36,030 

12,020 

15,130 

4,499 

1,402 

529 

137 

375 

1,333 

2,245 


2,850 


160 


114,400 


0.744 
2.50 
2.73 
.940 
1.14 
.352 
.106 
.040 
.011 
.028 
.104 
.170 


,746 


0.858 
2.70 
8.15 
1.06 
1.81 
.303 
.122 
.046 
.012 
.033 
.116 
.196 


9.98 


MISCELI.AXEOU8  MEASUREMENTS  IN  SOUTHERN  CALIFORNIA. 

The  followiog  is  a  list  of  miscellaneous  discharge  measurements  made  in  Riverside  and 
San  Diego  counties  during  1905: 

Cottonwood  Creek  near  Jamuly  Cat. — ^This  stream  rises  in  the  Coast  Range  in  the  south- 
eastern part  of  San  Diego  County,  and  flowing  in  a  southwesterly  direction  discharges  into 
Tiajuana  River  below  the  California-Mexico  boundary  line.  The  following  dischaige 
measurements  were  made  at  the  Barrett  Dam.  The  gage  is  a  2-by'4  inch  vertical  timber 
painted  white  and  graduated  to  feet  and  hundredths.  It  is  nailed  to  the  timber  wall  op 
the  left  bank  of  the  stream  at  the  concrete  dam.  No  bench  marie  was  established,  as  the 
z6ro  of  the  rod  is  set  level  with  the  top  of  the  concrete  dam. 

November  18:  Width,  2.7  feet;  area,  0.5  square  foot;  mean  velocity,  1.00  foot  per  sec- 
ond; discharge,  0.5  second-foot. 

December  14:  Width,  5  feet;  area,  1.6  square  feet;  mean  velocity, 0.69  foot  per  sec- 
ond; gage  height,  0.05  foot;  discharge,  1.1  second-feet. 

Temecula  Creek  near  Temeeula,  Col. — ^This  creek  rises  in  the  Coast  Range  in  the  south- 
eastern part  of  Riverside  County,  and  flowing  in  a  southwesterly  direction  discharges  into 
the  Pacific  Ocean  near  Oceanside,  Cal.  The  following  dischai^  measurements  were  made 
on  this  stream  during  1905: 

At  Pauba  dam  site,  12  miles  above  Temecula,  Cal.,  November  14:  Width,  7.5  feet; 
area,  2  square  feet;  mean  velocity,  1.25  feet  per  second;  discharge,  2.5  second-feet. 

At  Temecula  Bridge,  1  mile  below  Temecula,  Cal.,  November  14:  Width,  11  feet;  area, 
5.4  square  feet;  mean  velocity,  1.07  feet  per  second;  gage  height,  3.10  feet;  dischaige,  5.8 
second-feet. 

December  30:  Width,  9  feet;  area,  3.5  square  feet;  mean  velocity,  1.32  feet  per  second; 
gage  hei^t,  2.98  feet;  discharge,  4.6  second-feet. 

A  gage  was  placed  on  the  Temecula  Bridge  consisting  of  a  2-by-6  inch  vertical  timber, 
graduated  to  feet  and  hundredths.  It  is  fastened  to  the  downstream  pier  near  the  right 
bank  of  the  stream.    No  bench  mark  was  established. 

San  Diego  River  near  Lakesidty  Cal. — ^This  stream  rises  in  the  Coast  Range  in  the  eastern 
part  of  San  Diego  County,  and  flowing  in  a  southwesterly  direction  dischaiges  in  the  Pacific 
Ocean  near  San  Diego,  Cal.  A  measurement  was  made  at  the  concrete  dam  of  the  San 
Diego  Flume  Company,  at  the  head  of  that  company's  flume. 
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November  23:  Width,  6  feet;  area,  1.0  square  foot;  mean  velocity,  1.90  feet  per  second; 
discharge,  1 .9  second-feet. 

Sania  Yaabd  River  near  San  Pasqualf  Col. — ^This  stream  rises  in  the  eastern  part  of  San 
Diego  County,  and  flowing  in  a  southwesterly  direction  dischaiges  into  the  Pacific  Ocean 
near  Del  Mar,  Cal.  The  lower  portion  of  this  river  is  known  as  the  San  Dieguito  River. 
The  following  measurements  were  made  during  1905  at  the  upper  end  of  the  San  Pasqual 
VaOey.  The  gage  consists  of  a  2-by-4  inch  inclined  timber,  graduated  to  feet  and  hun- 
dredths, and  bolted  to  a  large  granite  bowlder  on  the  left  bank  of  the  stream.  The  bench 
mark  is  on  top  of  the  bowlder  to  which  the  gage  is  bolted.  It  is  marked  with  a  circle  of 
white  paint.     Its  elevation  is  11.66  feet  above  the  zero  of  the  gage. 

November  21:  Width,  5  feet;  area,  2.2  square  feet;  mean  velocity,  2.05  feet  per  sec- 
ond ;  discharge,  4.5  second-feet. 

November  28:  Width,  83  feet;  area,  24  square  feet;  mean  velocity,  1.70  feet  per  sec- 
ond; gage  height,  3.72  feet;  discharge,  41  second-feet. 

December  21:  Width,  24  feet;  area,  7.2  square  feet;  mean  velocity,  1.44  feet  per  sec- 
ond; gage  height,  3.55  feet;  dischaige,  10.4  second-feet. 

Sweetwater  River  near  Descanao^  Cal. — This  stream  rises  in  the  southeastern  part  of  San 
Diego  County,  and  flowing  in  a  southwesterly  direction  discharges  into  San  Diego  Bay  near 
National  City.  The  following  measurements  were  made  during  1905,  1  mile  below  Des- 
canso.  The  gage  is  a  2-by-6  inch  vertical  timber,  graduated  to  feet  and  hundredths.  It  is 
bolted  to  a  granite  bowlder  on  the  left  bank  of  the  stream.  The  bench  mark  is  the  highest 
point  on  the  large  bowlder  to  which  the  gage  is  fastened.  It  is  marked  with  a  circle  of 
white  paint,  and  its  elevation  is  5  feet  above  the  zero  of  the  gage. 

September  11:  Measured  by  Weir;  discharge,  0.37  second-foot. 

November  21:  Width,  3  feet;  area,  0.9  square  foot;  mean  velocity,  1.22  feet  per  sec- 
ond; gage  height,  3.54  feet;  discharge,  1.1  second-feet. 

December  10:  Width,  6  feet;  area,  1.9  square  feet;  mean  velocity,  1.35  feet  per  sec- 
ond; gage  hei^t,  3.62  feet;  discharge,  2.5  second-feet. 

SAN    FRANCISCO  BAY   DRAINAGE   BASIN. 

GENERAL  FEATURES. 

Sacramento  River,  rising  in  northern  California  and  flowing  south,  and  San  Joaquin 
River,  rising  in  the  southern  Sierras  and  flowing  north,  drain  the  western  slope  of  the  Sierra 
Nevada  and  the  eastern  slope  of  the  Coast  Range  north  of  San  Francisco.  They  meet  near 
Suisun  Bay,  finally  dischaiging  their  waters  into  the  Pacific  Ocean  through  San  Francisco 
Bay. 

SACRAMENTO   RIVER. 

DESCIUPTION  OF  RIVER. 

Sacramento  River  is  the  principal  river  of  Cahfomia,  and  drains  all  of  the  territory  south 
of  Mount  Shasta  and  between  the  Coast  Range  and  Trinity  Range  on  the  west  and  the 
Sierra  Nevadas  on  the  east.  The  portion  of  the  drainage  basin  above  the  gaging  station 
which  is  located  near  Red  Bluff,  Cal.,  extends  from  the  Trinity  Mountains  on  the  we.st  to 
Warner  Mountains  near  the  California-Nevada  State  line  on  the  east.  The  watershed  on 
the  west  from  the  Trinity  Mountains  is  comparatively  narrow,  being  only  from  10  to  35 
miles  in  width,  and  furnishes  a  very  small  proportion  of  the  discharge  of  this  river,  but  from 
the  east  Pit  River,  which  is  the  most  important  tributary,  drains  a  large  area  extending  about 
120  miles  east  from  the  Sacramento  River  and  between  Mount  Shasta  on  the  north  and 
Lassen  Peak  on  the  south.  The  greater  portion  of  this  basin  is  composed  of  lava,  and  shows 
other  evidences  of  volcanic  activity,  such  as  volcanic  cones  and  craters.  Nearly  all  the 
streams  tributary  to  Pit  River  have  their  origin  in  laige  springs,  many  of  which  discharge 
several  hundred  second-feet.    The  most  important  tributary  of  the  Pit  is  the  McCloud 
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River,  draining  the  southeastern  slope  of  Mount  Shasta.  It  derives  its  waters  principaDj 
from  the  melting  of  the  snow  on  the  high  elevations  of  this  mountain.  The  western  portion 
of  the  watershed  extending  along  the  Trinity  Range  is  well  timbered,  as  is  also  that  portion 
of  the  drainage  area  in  the  Sierra  Nevadas  lying  between  Mount  Shasta  and  Lassen  Peak. 
Farther  east,  however,  there  is  little  or  no  forest  covering,  and  the  country  is  used  exten- 
sively for  pasturage.  The  rainfall  is  very  unequally  distributed,  varying  from  leas  than  10 
inches  in  the  eastern  portion  of  the  basin  to  50  inches  along  the  northern  and  western  por- 
tion. Below  the  gaging  station  the  river  enters  the  Sacramento  Valley,  through  which  it 
flows  on  a  comparatively  light  grade  until  it  reaches  Suisun  Bay.  During  the  winter 
months,  when  the  Sacramento  and  its  tributaries  are  in  flood,  large  areas  of  the  Sacramento 
Valley  are  overflowed.  The  floods  which  occur  in  the  latter  part  of  the  rainy  season,  and 
after  these  laige  overflow  areas  or  basins  are  filled,  cause  great  damage  in  the  lower  portion 
of  the  valley. 

SACRAMENTO  RIVER  NEAR  RED  BLITPF,  CAL.. 

The  gaging  station  at  Jellys  Ferry,  which  is  located  about  12  miles  above  the  town  of  Red 
Bluff,  was  established  April  30, 1895.  The  right  bank  of  the  river  is  high,  but  the  left  bank 
is  liable  to  overflow  when  the  river  rises  above  the  25-foot  mark.  The  river  has  been 
known  to  reach  the  35-foot  mark.  Because  of  the  liability  to  overflow  it  was  deemed  advis- 
able to  select  a  new  gaging  station,  where  the  water  at  flood  stage  could  be  more  confined. 
A  point  in  Iron  Canyon,  where  the  river  had  been  gaged  by  the  State  engineering  depart- 
ment in  1879  and  by  commissioner  of  public  works  in  1803-94,  was  chosen  as  a  new  gaging 
station. 

The  river  at  this  point  in  lower  portion  of  Iron  Canyon,  4  miles  above  Red  Bluff,  has  a 
direct  course  for  2  or  3  miles.  The  width  between  banks  at  low  water  is  about  500  feet. 
The  depth  of  water  at  low  stages  averages  6  feet,  with  a  maximum  depth,  of  9  feet.  The 
banks  arc  steep  and  firm.  The  river  flows  in  a  bed  of  coarse  gravel  and  cobbles,  with  her» 
and  there  a  small  bowlder.    The  bed  rock  is  lava. 

'  Dischaige  measurements  are  made  from  a  cable  600  feet  in  span,  which  is  anchored  in  tha 
lava  rock  which  forms  the  wall  of  the  canyon. 

The  river  stage  rod  used  by  commissioner  of  public  works  was  still  in  place,  and  has  been 
used  in  making  river  height  observations  since  January  28,  1902,  the  date  upon  which  the 
observations  were  begun.  A  second  set  of  gage  rods  were  placed  on  the  right  bank  3,200 
feet  below  the  gaging  station  January  1,  1904,  as  no  observer  could  be  obtained  to  continue 
readings  of  the  station  gage.  By  synchronous  readings  of  the  lower  gages  and  the  station 
gage  the  actual  readings  for  this  lower  gage  have  been  converted  into  equivalent  readings  for 
the  station  gage.  On  September  28,  1904,  it  was  necessary  to  move  the  lower  gage  rods  to 
th**  left  bank  about  4,000  feet  below  the  gaging  station.  The  actual  readings  of  this  set  of 
gage  rcKis  have  also  been  converted  into  equivalent  readings  for  the  station  gage.  During 
1905  the  gage  was  read  twice  each  day  by  Fred  Weeks.  All  reported  gage  heights  are  those 
determined  for  the  station  gage.  Bench  marks  were  established  as  follows:  (I)  A  nail  in 
the  crotch  of  sycamore  tree  to  which  the  third  section  of  the  gage  is  fastened;  elevation, 
8.355  feet.  (2)  Point  of  rock  marked  with  heavy  ring  of  white  paint  7.1  feet  south  of  eye- 
bolt  on  left  bank;  elevation,  47.75  feet.  (3)  A  point  marked  with  ring  of  white  paint  45 
feet  north  of  10-foot  mark  on  cable;  elevation  38.01  feet.  (4)  Eye-bolt  on  left  bank;  eleva- 
tion 44.80  feet.  (5)  Point  on  rock  under  left  cable  support  marked  with  circle  of  white 
paint;  elevation,  27.59  feet.     Elevations  refer  to  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  81,  100, 
and  134  of  the  United  States  Geological  Survey. 
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DxBtkoarge  measurements  cfSaerameiUo  River  near  Red  Bluffs  Cal.,  in  1906. 


Dste. 


Augatt  5c. . 
AugtutdQ.. 


Hydrographer. 


Peterson  and  Lee. 
C.H.Lee 


Width. 


Feet. 
448 
497 


Area  of 
section. 


Sq.ft. 
3,520 
3,404 


Mean         Oaoe 
velocity.  '  height. 


Ft.  per  tee. 
1.48 
1.48 


Feet. 
1.49 
L34 


Dis- 
charge. 


8ec.-ft. 
5,208 
5,013 


DaUy  gage  heighif  in  feet  ^  of  Saerajnento  River  near  Red  Bluff,  Cal.f  for  1905. 


Day. 


Jan. 


1.. 
2.. 
3.. 
4.. 
5. 
ft. 
7. 
k. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
W. 
W. 

ao. 

21. 
23. 
23. 
24. 
25. 
%. 
27. 
S. 
29. 
30. 
31. 


1 


7.2 
6.15 
4.8 
4.7 
4.3 
4.0 
3.75 
3.55 
3.45 
3.35 
3.2 
3.1 
3.85 
14.35 
9.8 
9.5 
7.95 
6.85 
7.3 
7.05 
9.2 
14.3 
20.3 
15.55 
15.45 
12.75 
9.8 
a96 
7.5 
6.85 
6.55 


Feb. 

Mar. 

8.9 

4.85 

15.85 

4.75 

13.3 

4.6 

11.  a5 

4.55 

10.15 

4.5 

8.95 

4.4 

8.15 

4.3 

7.4 

4.2 

6.8 

4.15 

6.4 

4.05 

6.0 

4.05 

5.55 

4.9 

5.2 

10.25 

4.9 

13.55 

4.75 

11.15 

4.55 

10.7 

4.55 

9.7 

4.5 

8.25 

5.25 

11.4 

8.2 

10.3 

7.95 

11.1 

7.2 

11.2 

6.6 

9.0 

6.0 

9.8 

5.7 

8.45 

5.45 

9.0 

6.3 

8.9 

5.0 

8.2 

15.5 

9.85 

8.7 

Apr. 

8.05 

7.8 

7.55 

7.1 

6.8 

6.45 

6.25 

5.95 

5.75 

5.45 

5.25 

5.0 

4.85 

4.75 

4.7 

5.45 

4.95 

4.75 

5.2 

6.0 

4.85 

4.7 

4.55 

4.4 

4.4 

4.4 

4.3 

4.15 

4.05 

4.0 


May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

4.05 

3.0 

L95 

L45 

1.25 

1.3 

1.3 

1.76 

4.3 

3.0 

1.95 

1.45 

1.25 

1.3 

1.3 

1.55 

4.1 

3.0 

1.9 

1.4.5 

1.25 

1.3 

1.3 

1.55 

3.9 

3.0 

1.9 

1.45 

L25 

1.25 

1.3 

1.55 

3.7 

3.0 

1.9 

1.45 

1.25 

1.25 

1.3 

1.66 

3.7 

3.0 

1.8 

1.45 

1.25 

1.25 

1.4 

1.55 

4.1 

2.85 

1.75 

1.4 

1.25 

1.3 

1.4 

1.66 

5.5 

2.9 

L7 

1.4 

L25 

1.3 

L4 

1.66 

4.95 

2.85 

1.75 

L4 

1.25 

L3 

1.4 

L65 

4.6 

2.85 

1.75 

1.4 

1.25 

1.3 

L4 

1.66 

3.85 

2.7 

L7 

1.4 

1.25 

1.3 

L4 

1.65 

4.15 

2.7 

1.7 

L3 

1.25 

1.3 

L45 

1.65 

4.15 

2.66 

1.7 

1.3 

1.25 

1.25 

1.45 

1.7 

3.9 

2.6 

1.7 

1.3 

1.25 

L3 

L45 

1.66 

3.85 

2.55 

1.7 

1.3 

1.25 

L3 

L45 

1.65 

3.85 

2.5 

L7 

1.3 

1.25 

1.3 

1.45 

1.66 

4.0 

2.4 

1.7 

1.3 

1.25 

1.3 

L45 

L7 

3.85 

2.35 

L6 

1.3 

1.25 

1.3 

L45 

1.8 

3.75 

2.35 

1.6 

L3 

1.25 

L3 

1.45 

2.1 

3.6 

2.3 

1.55 

1.3 

1.25 

1.3 

L55 

2.1 

3.5 

2.3 

L55 

1.3 

1.25 

1.3 

1.65 

1.9 

3.4 

2.25 

1.55 

1.3 

1.25 

1.3 

1.56 

1.7 

3.35 

2.25 

1.55 

1.3 

1.25 

1.3 

1.55 

1.56 

3.3 

2.2 

1.5 

1.3 

1.25 

1.3 

1.56 

1.56 

3.2 

2.25 

1.5 

1.25 

1.25 

1.3 

L55 

1.65 

3.2 

2.2 

L45 

1.25 

1.25 

1.3 

1.55 

1.65 

3.2 

2.1 

1.45 

1.25 

1.25 

1.3 

1.6 

1.7 

3.2 

2.0 

1.45 

1.25 

1.3 

1.3 

1.7 

1.7 

3.2 

2.0 

1.45 

1.25 

1.3 

1.3 

1.8 

1.9 

3.15 

1.95 

L45 

1.25 

1.3 

1.3 

1.95 

1.8 

1    '-^ 

1.45 

L25 

1.3 



1.9 
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Station  rating  table  for  Sacramento  River  near  Red  Bluff,  Cal.,  from  January  1, 1904,  to 

December  Sly  1905. 


Gage 
height. 

Dlacharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Secondrfeet. 

Feet. 

Second-feet. 

FeeL 

Seamd-feeL 

1.00 

4,450 

3.10 

10,380 

5.40 

18,700 

9.60 

37,180 

1.10 

4,600 

3.20 

10,710 

5.60 

19,500 

9.80 

38,140 

1.20 

4,930 

3.30 

11,040 

5.80 

20,300 

10.00 

39,100 

1.30 

5,170 

3.40 

11,370 

6.00 

21,100 

10.50 

41,600 

1.40 

5>410 

3.50 

11,700 

6.20 

21.940 

11.00 

44,200 

1.S0 

6,650 

3.60 

12,040 

6.40 

22,780 

11.50 

46,900 

1.60 

5,920 

3.70 

12,380 

6.60 

23,620 

12.00 

49.700 

1.70 

6,190 

3.80 

12,720 

6.80 

24,460 

12.50 

52,600 

1.80 

6,460 

3.90 

13,060 

7.00 

25,300 

13.00 

55,600 

1.90 

6,730    1 

4.00 

13,400 

7.20 

26,180 

13.50 

58,600 

2.00 

7,000    1 

4.10 

13,760 

7.40 

27,060 

14.00 

61,700 

2.10 

7,300 

4.20 

14,120 

7.60 

27,940 

14.50 

64,900 

2.20 

7,600 

4.30 

14,480 

7.80 

28,820 

15.00 

68,200 

2.30 

7,900 

4.40 

14,840 

8.00 

29,700 

1      16.00 

75,100 

2.40 

8,200 

4.50 

15,200 

8.20 

30,620 

1      17.00 

82,200 

2.50 

8,500 

4.60 

15,580 

8.40 

31,540 

18.00 

89,700 

2.60 

8,810 

4.70 

15,960 

8.60 

32,460 

19.00 

97,600 

2.70 

9,120 

4.80 

16,340 

8.80 

33,380 

20.00 

105,900 

2.80 

9,430 

4.90 

16,720 

9.00 

34,300 

2.90 

9,740 

5.00 

17,100 

9.20 

35,260 

3.00 

10,050    1 

1 

5.20 

17,900 

9.40 

36,220 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions, 
measurements  made  during  1902-1905.    It  Is  fairly  well  defined. 


It  is  based  on  diachaige 


Estimated  monthly  discharge  of  Sacramento  River  near  Red  Bluff,  Cal.,  for  1905. 
[Drainage  area,  9,295  square  miles.) 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October , 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum.  Minimum. 


108,500 
74,050 
71,600 
29,930 
19,100 
10,050 
6,865 
.5,530 
5,170 
6,170 
6.86.5 
7,300 


-I- 


10.380 
15,200 
13,580 
13,400 
10,220 
6,865 
5,530 
6,050 
5,050 
5,050 
5,170 
5,785 


108,500 


5,a50 


Mean. 


31,830 
26,800 
30,920 
18,680 
12,750 
8,623 
6,075 
5,251 
5,062 
5,155 
5,616 
6.100 


13,570 


Total  in 
acre-feet. 


1,957,000 

1,488,000 

1,901,000 

1,112,000 

784,000 

613, 100 

373.500 

322,900 

301,200 

317,000 

334,200 

375,100 


9,779,000 


Run-off. 


Second-feet  I 

per  square  i 

mile.        I 


Depth 
intncbea. 


3.42 
2.88 
3.33 
2.01 
1.37 
.928 
.654 
.565 
.545 
.555 
.604 
.656 


1.46 


3.W 

3.00 

3.84 

2.24 

1.58 

1.04 

.754 

.651 

.608 

.640 

.674 

.756 


19.72 
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SACRAMENTO  RIVER  AT  SACRAMENTO,  CAI*. 

Ibe  foUovring  gage  heights  were  obsenred  at  this  station  during  1905: 

DaUy  gage  height ^  in  feet ^  cf  Sacramento  River  at  Sacramento ,  CoL.^  for  1906. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

1 

18.5 
18.0 
17.7 
18.1 
18.4 
18.4 
18.2 
18.1 
18.0 
17.8 
17.5 
17.1 
16.7 
16.7 
17.4 
18.0 
18.2 
18.5 
18.8 
19.0 
19.0 
20.0 
20.5 
2a2 
20.4 
20.5 
20.7 
20.8 
20.8 
20.9 
20.9 

20.9 
21.6 
21.8 
21.8 
21.9 
22.0 
21.9 
21.9 
21.8 
21.8 
21.6 
21.4 
21.2 
20.9 
20.8 
20.5 
20.4 
20.4 
20.4 
20.4 
20.4 
20.2 
20.1 
20.0 
20.0 
20.0 
20.0 
19.9 

19.7 
19.7 
19.6 
19.5 
19.5 
19.4 
19.3 
19.0 
18.8 
18.7 
18.2 
18.1 
18.0 
18.9 
18.9 
19.0 
19.2 
19.4 
20.1 
21.0 
20.8 
21.1 
21.0 
21.2 
21.2 
21.3 
21.7 
21.6 
21.8 
21.8 
21.9 

21.8 
21.8 
21.7 
21.7 
21.6 
21.5 
21.5 
21.5 
21.6 
21.6 
21.2 
21.0 
20.9 
20.8 
20.7 
20.6 
20.6 
20.2 
20.4 
20.3 
20.2 
20.0 
19.9 
19.8 
19.7 
19.8 
20.1 
20.0 
19.9 
19.8 

19.6 
19.8 
19.6 
19.6 
19.0 
18.9 
19.0 
19.0 
19.0 
19.3 
18.9 
18.8 
18.5 
18.5 
18.6 
18.8 
19.3 
18.9 
18.9 
18.9 
18.8 
18.8 
18.6 
18.5 
.18.0 
17.9 
18.0 
17.9 
17.8 
17.7 
17.5 

17.4 
17.3 
17.2 
17.0 
16.9 
-  16.4 
16.3 
16.2 
16.1 
16.0 
16.0 
16.0 
15.9 
15.8 
15.4 
15.1 
15.0 
14.7 
14.5 
14.0 
13.8 
13.6 
13.3 
13.0 
12.7 
12.4 
12.0 
11.9 
11.8 
11.6 

11.4 

2 

11  2 

3 

11.0 

4 

10.9 

5 

10.8 

6 

10.7 

7 

10.6 

8 

10.5 

9 

10.4 

10 

10.3 

11 

10.0 

12 

9.9 

13 

9.8 

14 

9.7 

15 

9.7 

16 

9.6 

17 

9.5 

18 

9.4 

19 

9.3 

M 

9.2 

21 

9.1 

22 

9.0 

23 

8.9 

24 

8.8 

2S 

K7 

26 

8  6 

27 

8.4 

28 

8.2 

29 

8  2 

30 

31 

MISCELLANEOUS  MEASUREMENTS  IN  SACRAMENTO  RIVER  DRAINAGE 

BASIN. 

SceramenU)  River  at  Baird  Station^  on  Southern  Pacific  Railway,  Gregory  post-office^  Cat. — 
A  measurement  of  this  stream  was  made  August  28,  1905,  from  wagon  bridge  by  W.  B. 
Oapp. 

Width,  116  feet;  area,  308  square  feet;  mean  velocity,  1.14  feet  per  second;  discharge, 
332  aecond-feet. 

Clear  Creek  near  Stella  post-offire,  Cat. — ^A  measurement  was  made  of  this  stream  August 
26, 1905,  500  feet  above  mouth  of  Brandy  Creek  by  W.  B.  Clapp. 

Width,  28  feet;  area,  31  square  feet;  mean  velocity,  1.26  feet  per  second;  discharge, 
39  second-feet. 

North  Fork  Cottonwood  Creek  near  Qas  Point,  Cat. — A  measurement  of  this  stream  was 
made  August  28,  1905,  40  feet  below  the  highway  bridge  above  the  junction  of  the  North 
tod  Middle  forks  by  C.  H.  Lee.  Several  diversions  are  made  above  the  point  of  mea.s- 
aremeDt;  their  total  dischai^  is  reported  to  be  about  8  second-feet. 

Width,  15.5  feet;  area,  9X)  square  feet;  mean  velocity,  0.66  foot  per  second;  dischai^o, 
5.9  second-feet.  ^  j 

Digitized  by  VjOOQIC 


182  STREAM   MEASUREMENTS   IN    1905,  PART   XUI, 

Middle  Fork  CotUmwood  Creek  near  Gas  Point,  Cal. — ^A  measurement  of  this  stream  wis 
made  August  28,  1905,  300  feet  above  its  junction  with  the'  North  Fork  by  C.  H.  Lee. 
Three  small  diversions  are  made  above  the  point  of  measurement. 

Width,  35  feet;  area,  11.3  square  feet;  mean  velocity,  0.81  foot  per  second;  diachaiigf, 
9.1  second-feet. 

Pit  River  near  Copper  City,  Cal. — This  stream  is  the  lai^gest  tributary  of  the  Sacraniento 
River,  joining  it  about  11  miles  north  of  Redding,  Cal.  It  has  a  well-sustained  summer 
flow.  A  measurement  of  this  stream  was  made  August  25,  1905,  by  C.  H.  Lee  from  the 
downstream  side  of  the  Delamar  Mining  Company's  toll  bridge  above  the  month  of 
Squaw  Creek. 

Width,  135  feet;  area,  405  square  feet;  mean  velocity,  6.68  feet  per  second;  dischai^ge. 
3,107  second-feet. 

Squaw  Creek  near  Copper  City,  Cal. — A  measurement  of  this  stream  was  made  500  feet 
below  bridge  near  Copper  City  by  C.  H.  Lee  tin  August  26, 1905. 

Width,  39  feet;  area,  95  square  feet;  mean  velocity,  0.21  foot  per  second;  discharp"* 
20  second-feet. 

Cow  Creek  {aboi'e  Clover  Creek)  at  MiUinUe,  Cal. — A  measurement  of  this  stream  was 
made  August  26,  1905,  at  the  higliway  bridge  south  of  Millville  by  C.  H.  Lee. 

Width,  39.2  feet;  area,  :i5  square  feet;  mean  velocity,  1.75  feet  per  second;  discbarge, 
61  second -feet. 

Ctoi^r  Creek  at  MiUt^iUe,  Cal. — A  measurement  of  this  stream  was  made  August  26, 
1905,  about  500  feet  below  the  highway  bridge  above  its  junction  with  Cow  CYeek  by 
C.  H.  Lee. 

Width,  15  feet;  area,  7.8  square  feet;  mean  velocity,  0.40  foot  per  second;  dischai|;e, 
3.1  second-feet. 

Clover  Creek  ditch. — A  measurement  of  this  ditch  was  made  on  August  27,  1905,  in  flume 
at  its  heading,  3  miles  above  Millville  by  C.  II.  Lee. 

Width,  2.15  feet;  area,  1.8  stjuare  feet;  mean  velocity,  1.33  feet  per  second;  discharge, 

2.4  second-feet.    This  water  is  diverted  from  Clover  Creek. 

Litde  Cow  Creek  near  PalocedrOf  Cal. — A  measurement  of  this  stream  was  made  on 
August  27,  1905,  800  feet  downstream  from  the  highway  bridge  east  of  Palocedro  by 
C.  H.  Lee.    There  are  several  small  diversions  from  this  stream  above  this  point. 

Width,  11.2  feet;  area,  9.0  square  feet;  mean  velocity,  0.50  foot  per  second;  discliaige, 

4.5  second-feet. 

Cow  Creek  near  Palocedro,  Cal.— A  measurement  of  this  stream  was  made  August  27, 
1905,  150  feet  below  iUs  junction  with  Little  Cow  Creek  by  C.  II.  Lee. 

Width,  41.5  feet;  area,  58  square  feet;  mean  velocity,  1.05  feet  per  second;  discharge, 
61  second-feet. 

Battle  Creek  near  Balls  Ferry,  Cal. — This  stream  is  an  important  tributary  of  the  Sacra- 
mento River.  A  measurement  was  made  August  29,  1905,  at  a  point  about  2  miles  above 
the  wagon  bridge  on  main  road  from  Red  Bluff  to  Balls  Ferry  by  C.  H.  Lee. 

Width,  88  feet;  area,  171  square  feet;  mean  velocity,  1.92  feet  per  second;  dischaige, 
329  second-feet. 

MiU  ditch  near  Balls  Ferry,  Cal. — This  ditch  heads  in  Battle  Creek  1}  miles  above  the 
wagon  bridge  on  the  main  road  from  Red  Bluff  to  Balls  Ferry.  A  measurement  was  made 
August  29,  1905,  IJ  miles  below  head  of  ditch,  by  C.  H.  Lee. 

Width,  22  feet;  area,  19.3  square  feet;  mean  velocity,  1.33  feet  per  second;  dischaige,  26 
second-feet. 

Antelope  Creek  near  Red  Bluf,  Cal.— A  measurement  of  this  stream  was  made  August 
31,  1905,  600  feet  above  the  Antelope  Creek  and  Red  Blufl  Water  Company's  dam,  about 
8  miles  east  of  Red  Bluff,  by  C.  II.  Lee. 

Width,  36  feet;  area,  83  square  feet;  mean  velocity,  0.54  foot  per  second;  discharge,  45 
second-feet. 

MiU  Creek  near  Tehama,  Cal.— A  measurement  of  this  stream  was  made  September  1, 
1905,  300  feet  above  the  head-gate  of  the  Los  Molinas  ditch  and  about  6  miles  east  of 
Tehama,  by  C.  H.  Lee.  ^  j 
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Width,  40^  feet;  area,  91  square  feet;  mean  velocity,  1.34  feet  per  second;  dlschai^,  122 
secood-feet. 

MiOrace  canal  near  Tehama^  Cal. — ^This  canal  diverts  water  from  Mill  Creek  about  IJ 
miles  above  its  junction  with  Sacramento  River.  A  measurement  was  made  in  flume  at 
bead  of  canal  September  1,  1905,  by  C.  H.  Lee. 

Width,  11.8  feet;  area,  40  square  feet;  mean  velocity,  2.25  feet  per  second;  discharge,  90 
aecond-feet. 

Deer  Creek  near  Vma^  Cal.— A  measurement  of  this  stream  was  made  September  1, 1905, 
from  the  downstream  side  of  the  bridge  at  upper  main  road  crossing,  about  4  miles  from 
Vina,  by  C.  H.  Lee.  Two  or  three  small  ditches  divert  water  from  creek  above  this  point 
of  measurement. 

Width,  57.7  feet;  area,  77  square  feet;  mean  velocity,  1.08  feet  per  second;  dischaige,  83 
aecond-feot. 

VaUey  Counties  Power  Company*s  canal  near  CenierviUey  Cal. — ^This  canal  diverts  water 
from  Butte  Creek.    A  measurement  was  made  May  19  in  flume  at  town  of  Centerville. 

Width,  6  feet;  area,  13.2  square  foet;  mean  velocity,  1.74  feet  per  second;  discharge,  23 
second-feet. 

PIT  RIVER  DRAINAGE  BASIN. 

DSSCRIPTIOK  OF  BASIV. 

Pit  River  has  its  seuree  in  the  Warner  Mountains  in  the  extreme  northeast  part  of  Cali- 
fornia. It  flows  in  a  southwesterly  direction,  discharging  its  waters  into  Sacramento  River 
a  few  miles  above  Redding,  Cal.  It  has  numerous  tributaries,  the  lai^er  of  which  have 
their  source  in  large  springs,  which  dischai^e  from  crevices  in  the  lava  formation.  About 
50  per  cent  of  the  area  of  this  drainage  basin  Ls  barren  of  timber  and  composed,  principally, 
of  lava  with  a  light  soil  covering,  being  used  extensively  for  pasturage  and  the  raising  of 
stock.  There  are  numerous  small  valleys  with  light  grades,  which  hold  the  water  through- 
oat  the  summer  months  principally  in  the  state  of  swamps.  These  areas  are  used,  mainly,  as 
meadow  land  and  for  the  raising  of  stock  feed.  Pit  River  does  not  dischai^e  in  any  great 
Tohmie  until  it  reaches  a  point  near  Fall  River  Mills,  which  lies  about  midway  between  the 
point  where  the  Pit  River  enters  the  Sacramento  and  its  source.  Fall  River,  which  is  the 
priDcipal  tributary  of  the  Pit  from  the  north,  receives  its  water  supply  from  large  perennial 
springs  which  dischai^  1,500  second-feet.  Hat  Creek  and  Bumey  Creek  are  also  large 
tributaries  from  the  south  and  drain  the  northern  slope  of  Lassen  Peak.  Their  principal 
sources  are  also  from  large  perennial  springs  in  the  lava  formation. 

We^  Valley  Creek  is  a  tributary  of  South  Fork  of  Pit  River.  Ash  Creek  flows  into  Clear 
Creek,  through  which  it  enters  Pit  River  from  the  south.  There  is  considerable  timber 
scattered  throughout  this  drainage  basin,  the  principal  growth  lying  in  the  southern  poi^ 
tioD  of  the  basin  and  also  in  that  section  lying  north  of  Pit  River  and  between  Fall  River 
and  the  upper  Sacramento.  There  are  numerous  reservoir  sites  on  the  upper  reachas  of 
this  stream,  all  of  which  havQ  been  or  are  being  surveyed.  Several  gaging  stations  are 
maintained  on  Pit  River  and  tributaries  at  points  where  surveys  have  been  made  for  the 
construction  of  storage  reservoirs.  The  rainfall  throughout  this  basin  is  very  unevenly 
distributed,  ranging  from  10  inches  in  the  eastern  portion  to  50  to  75  inches  in  the  western 
and  northwestern  portion.  About  50  per  cent  of  the  precipitation  falls  in  the  form  of 
now,  but  does  not  remain  any  length  of  time  except  on  the  higher  elevation  of  Mount 
Shasta  and  I^assen  Peak. 

McCIoud  River  drains  the  southeastern  slope  of  Mount  Shasta.  Its  drainage  area  is  com- 
paratively small,  covering  676  square  miles.  It  is  long  and  narrow,  extending  from  north 
to  south.  There  are  few  tributaries.  Its  main  water  supply  comes  from  Mount  Shasta, 
00  which  the  snow  remains  during  the  entire  year.  It  is  also  fed  by  numerous  large  springs 
wittered  throughout  the  drainage  basin.  The  precipitation  is  very  heavy  and  is  princi- 
pally in  the  form  of  rain,  except  on  the  higher  elevations  of  Moimt  Shasta.  The  dischai^ 
of  this  stream  seldom  falls  below  1,200  second-feet.  It  dischai^es  into  the  Pit  River  a  few 
mike  above  the  junction  of  the  Pit  with  the  Sacramento.    The  entire  basin  is  well  timbered. 
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PIT  BIVER  irSAK  OAHBT,  OAL. 

This  stntion  was  established  December  26,  1903,  by  H.  E.  Green  and  J.  S.  Evans.  It  is 
located  at  the  wagon  bridge,  3i  miles  southwest  of  Canby,  Cal. 

The  channel  is  straight  for  150  feet  above  and  200  feet  below  the  station.  The  current 
is  moderate  at  all  stages.  The  banks  are  high  and  are  subject  to  overflow.  The  channel 
is  rocky  and  is  not  subject  to  much  change. 

Discharge  measurements  are  made  from  the  bridge.  The  initial  point  for  soundings  is 
a  nail  in  the  railing  post  at  the  end  of  the  bridge  on  the  left  bank. 

The  gage  is  a  vertical  plank  securely  fastened  to  the  first  bridge  pier  from  the  left  beok 
of  the  stream.  During  1905  the  gage  was  read  twice  each  day  by  Ernest  M.  Hess.  The 
bench  mark  is  a  painted  point  on  a  laige  bowlder  at  the  bend  of  the  wagon  road  near  the 
south  end  of  the  bridge.    Elevation,  24.90  feet  above  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  height  and  discharge  data,  is  contained  in  Wat«^ 
Supply  Paper  No.  134,  United  States  Geological  Survey. 

Discharge  meaaurements  of  Pit  River  near  Canby y  CaL.^  in  1905. 
Date.  Hydrographer. 


Januarys J.  Y.  Toler. 

JanuaryQ do 

January  20 do 

January  26 do. 

February?... do 

February  13 do 

February  22 do 

February  27 do 

March? do 

March  9 do 

March  14 do 

March  22 do 

March  26 do 

ApriU do 

April  5 do 

April  10 ' do 

April  16 1 do 

April  19 1 do 

May  1 do 

May  2 do 

May  5 do 

May  16 do 

May  20 do 

June9 do 

Julyl? do 

July  22 do 

Augusts......; do 

August  10 do 

August  21 do 

August  28 do 

August  31 do 

September  9 do 

September  19 do 

October  6 do 

October  19 do 

October  25 do 

October  28 ' do 

November  7 do 

November  11 do 


Width. 

.\reao( 
section. 

8q.fl. 

Mean 
velocity. 

Gage 
height. 

'      Dlih 
charge. 

Feet. 

Ft.  per  sec. 

Feet. 

Sec-ft. 

99 

187 

2.55 

4.20 

47» 

87 

127 

1.70 

3.70 

216 

99 

186 

2.53 

4.18 

470 

117 

228 

2.96 

4.50 

67S 

116 

220 

2.91 

4.40 

641 

87 

131 

1.91 

3.70 

2S0 

119 

235 

3.03 

4.60 

712 

93 

147 

2.11 

3.90 

309 

'     87 

128 

1.86 

3.65 

238 

87 

127 

1.83 

3.65 

233 

87 

135 

1.80 

3.70 

243 

109 

227 

2.90 

4.60 

659 

109 

230 

2.93 

4.65 

674 

138 

292 

.3.33 

5.00 

971 

138 

289 

3.30 

5.00 

955 

114 

206 

2.81 

4.40 

579 

93 

146 

2.27 

4.00 

331 

93 

136 

2.07 

3.90 

282 

63 

83 

1.08 

3.30 

90 

63 

83 

1.10 

3.30 

.91 

61 

54 

.57 

2.90 

31 

90 

120 

1.85 

3.70 

223 

90 

115 

1.84 

3.70 

212 

87 

123 

1.64 

3.60 

201 

52 

40 

.60 

2.90 

24 

50 

3? 

.62 

2.85 

23 

60 

39 

.37 

2.80 

14.5 

60 

37 

.38 

2-75 

14.1 

9 

2.9 

1.27 

2.50 

3.7 

7 

1.8 

1.17 

2.45 

2.1 

7 

2.0 

1.15 

2.45 

13 

8 

2.6 

1.19 

2.50 

3.1 

9 

3.4 

1.68 

2.60 

5.7 

35 

21 

1.00 

2.80 

21 

55 

57 

.91 

3.10 

52 

58 

58 

.86 

3.20 

50 

58 

61 

.90 

3.20 

56 

60 

67 

1.19 

3.30 

80 

60 

70 

1.19 

3.30 

83 
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Day. 

Jan. 

I 

4.55 
4.4 

4.1 

2 

3 

4     .   .. 

4.0 

5 

3.9 

6 

3.8 
3.8 
3.8 
3.7 
3.6 

S 

9 

10 

11 

3.55 

12 

3.45 
3.5 
3.7 
3.95 

13 

14 

15 

16 

4.25 

17 

4.3 

4.3 

4.3 

4.2 

4.1 

4.35 

4.5 

5.0 

5.35 

18 

19. 

20 

21 

22 : 

23 : 

24 

25 

26 

4.6 

27 

4.2 
4.06 
4.0 
4.0 
4.15 

25* 

29 

30 

31 

Feb.  I  Mar. 


4.6 

5.05 

5.25 

5.65 

4.85 

4.65 

4.25 

4.1 

4.06 

4.0 

3.9 

3.7 

3.7 

3.75 

3.7 

3.65 

3.75 

3.8 

4.2 

4.95 

4.8 

4.6 

4.3 

4.2 

4.1 

4.0^ 

4.0' 

3.9 


3.8 

3.8 

3.75 

3.7 

3.7 

3.7 

3.65 

3.65 

3.65 

3.65 

3.65 

3.7 

3.7 

3.7 

3.7 

3.8 

4.1 

4.  as 

4.4 

4.5 

4.95 

4.8 

4.45 

4.5 

4.6 

4.7 

4.8 

4.85 

4.85 

4.8 

5.0 


Apr.     May. 


5.5 

5.6 

5.5 

5.4 

5.5 

4.8 

4.8 

4.7 

4.5 

4.3 

4.2 

4.1 

4.1 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

3.95 

3.85 

3.8 

3.3 

3.3 

3.3 

3.3 

3.4 

3.4 

3.5 

3.4 


I 


3.4 

3.4 

3.3 

3.0 

3.0 

3.0 

3.6 

3.6 

3.3 

3.15 

3.2 

3.2 

3.2 

3.6 

3.8 

3.8 

3.8 

3.8 

3.8 

3.8 

3.75 

3.7 

3.65 

3.8 

3.7 

3.6 

3.6 

3.5 

3.5 

3.6 

3.6 


June. 


3.6 

3.7 

3.7 

3.7 

3.7 

3.5 

3.6 

3.7 

3.65 

3.65 

3.6 

3.6 

3.6 

3.5 

3.5 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 


July. 


Aug.     .Sept. 


Oct. 


3,3 

3.25 

3.25 

3.25 

3.25 

3.25 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 


2.9 
2.9 
2.9 
2.9 
2.9 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.5 
2.5 
2.5 
2.5 
2.5 


2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.7 
2.8 
2.8 
2.8 


2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

3.05 

3.a5 

3.05 

3.05 

3.05 

3.05 

3.1 

3.1 

3.15 

3.15 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 


Nov. 

3.2 

3.25 

3.25 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.25 

3.25 

3.25 

3.25 

3.3 

3.3 

3.3 

3.35 

3.36 

3.4 

3.4 

3.4 

3.4 

3.45 

3.5 


Dec. 

3.5 

3.5 

3.5 

3.5 

3.6 

3.5 

3.5 

3.5 

3.5 

3.4 

3.4 

3.35 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.35 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 


Station  rating  UshUfor  Pit  River  near  CanJbxfy  CaL.yfrom  January  1  to  December  31,  1905. 


Discharge. 


Gage 
height. 

Discharge.  | 

Feet. 

Second-feet. 

3.30 

87 

3.40 

115    1 

3.50 

148 

3.60 

186 

3.70 

226     , 

3.80 

269 

3.90 

316     1 

4.00 

366 

4.10 

419 

Gage 
hei^t. 

Discharge.  < 
Second-feet. 

Gage 
height. 

Discharge. 

Feet. 

Feet. 

Second-feet. 

4.20 

475 

5.10 

1.028 

4.30 

533 

5.20 

1,091 

4.40 

593 

5.30 

1,154 

4.50 

655 

5.40 

1,217 

4.60 

717 

5.50 

1,280 

4.70 

779 

5.60 

1,343 

4.80 

841 

4.90 

903 

5.00 

965    ' 

1 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  thirty-nine 
discfaaiige  meaaurementa  made  during  1905.    It  Is  weU  deflned  between  gage  heights  2.4  feet  and  5  feet. 
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EsHmaUd  morUhly  discharge  of  Pit  River  near  Canby,  Cal,,for  1905. 
[Drainage  area,  1,500  square  miles.] 


Month. 


Discbarge  in  second-feet. 


Maximum. 


Minimimi. 


Mean. 


Total  in 
acre-feet. 


Run-off. 


Second-feet     T^^jt^ 


January 

February 

Martsh 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


1,186 

1,374 

965 

1,343 

260 

226 

87 

24 

16 

64 

148 

^•8 


132 
206 
206 
.  87 

34 

87 

47 
1.5 
3.5 

16 

64 

87 


443 

533 

479 

510 

165 

151 

61.7 

6.4 

5.6 

45.4 

92.2 

118 


1,374 


1.5 


218 


27,240 

29,600 

20,450 

30,350 

10,140 

8,985 

3,794 

394 

^333 

2,792 

5,486 

7,256 


155,800 


0.295 
.355 
.310 
.340 
.110 
.101    , 
.Ml     I 
.0043 
.0037 
.030 
.061 
.079 


.145 


aStt 
.370 
.368 
.379 
.127 
.113 
.047 
.009D 
.0041 
.035 
.06$ 
.091 


1.95 


PIT  RIYXB  KSAB  BIEBEE,  OAL. 

This  station  was  established  January  22, 1904,  by  J.  S.  Evans  and  William  Busch.  It  is 
located  12  miles  below  Bieber,  Cal.,  near  Muck  Valley. 

The  channel  is  straight  for  200  feet  above  and  300  feet  below  the  station.  The  current  is 
very  sluggish  at  low-water  stage.  The  banks  are  high  and  not  subject  to  overflow.  The 
channel  is  very  rocky  and  rough,  but  is  not  subject  to  change. 

Dischai^e  measurements  are  made  from  a  cable  and  car.  The  initial  point  for  sound- 
ings is  the  foot  of  the  platform  at  end  of  the  cable  on  the  right  bank  of  the  stream. 

The  gage  is  a  heavy  wooden  rod  fastened  to  a  large  bowlder  on  the  right  bank  of  the 
stream.  During  1905  the  gage  was  read  once  each  day  by  F.  H.  Holabird.  The  bench 
mark  is  on  a  lai^e  bowlder  on  the  right  bank  50  feet  east  of  the  pine  tree  to  which  the  cable 
is  fastened;  elevation  12.00  feet  above  the  datum  of  the  gage. 

A  description  of  this  station  and  gage  height  and  discharge  data  are  contained  in  Water- 
Supply  Paper  No.  134,  United  States  Geological  Survey. 
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DUtharge  meastiremenU  of  Pit  River  near  Bieber,  Col.,  in  1905, 


Date. 


Janaary  8 . . 
January  22. 
JaiiQar7  23. 
Do.... 
February  9 . 
February  24 
March  11 . . . 
March  24 . . . 
March  23... 

April? 

Aprfle 

April  17 

May3 

May  18 

June  12...*.. 

July? 

July  W 

Augogt9... 
August  18 . . 
Auguft  29 . . 

September  10.., do 

September  20..' do 

October? do 

October  17 do 


Hydrograpber. 


J.  Y.  Toler. 

do 

do 

....do 

do 

....do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


October  26. . . 
NoremberS. 


.do. 
.do. 


Width. 


Feet. 

104 

210 

218 

217 

204 

208 

144 

212 

213 

210 

212 

190 

126 

134 

126 

75 

79 

58 

34 

30 

6 

7 

6 

31 

45 

80 


Area  of 
section. 


Sq.ft. 

343 

729 

915 

889 

630 

673 

389 

743 

767 

739 

757 

504 

232 

309 

215 

143 

144 

105 
18.8 
12.6 
2.4 
2.0 
2.8 
12.7 
22.5 


Mean 
velocity. 


Ft.  per  see. 

0.99 

1.96 

2.46 

2.50 

1.68 

1.93 

.97 

2.22 

2.11 

2.02 

2.18 

1.32 

.61 

.79 

.51 

.24 

.29 

.22 

1.02 

.78 

.46 

.60 

.61 

.83 

1.80 

.42 


Gace 
heigbt. 


Feet. 
3.70 
5.25 
6.00 
5.94 
4.80 
5.06 
3.70 
5.40 
6.51 
5.30 
5.40 
4.30 
2.88 
3.50 
2.80 
2.30 
2.40 
1.85 
1.80 
1.70 
1.40 
1.40 
1.60 
1.70 
2.20 
2.60 


Dis- 
charge. 


Sec.'/t. 
340 
1,430 
2,254 
2,220 
1,060 
1,296 
378 
1,650 
1,620 
1,492 
1,648 
665 
141 
244 
110 
34 
42 
23 
19.1 
9.9 
l.l 
1.2 
1.7 
10.5 
41 
71 


IRR  177—06 10 
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JDaUy  gage  Keighi,  in  feet,  of  Pit  River  near  Bieber,  Col.,  for  1905. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

?ept. 

Oct.  1 

Nov.  j 

Dec 

1         

4.8 
6.0 
4.9 
4.5 
4.2 
3.9 
3.7 
3.7 

6.4 
6.6 
6.3 
5.0 
4.8 
4.6 
6.0 
6.6 

4.6 
4.6 
4.3 
4.0 
4.0 
4.0 
3.9 
3.9 

6.2 

6.3 

6.15 

5.9 

5.7 

5.4 

5.2 

5.1 

3.0 
3.0 
2.9 
2.9 
2.9 
3.0 
3.0 
3.0 

3.2 
3.2 
3.1 
3.1 
3.1 
3.0 
3.0 
2,9 

2.5 

2.46 

2.4 

2.4 

2.4 

2.3 

2.3 

2.3 

2.1 

2.1 

1.9 

1.8 

1.8 

1.8 

1.75 

1.75 

1.6 

1.35 

! 

al.6| 
0  1.5 
«1.5 
«»1.6 
«1.5 
al.5 
1.5 
01.5. 

a2.3 
a2.4 
-2.4 
02.5 
•2.5 
02.5 
a2.5 
2.6 

•  2.4 

2 

•  2.4 

3 

•  2.4 

4 

•  2.4 

5 

•  2.4 

6 

•  2.4 

7 

•  2.4 

8.. 

•2.4 

9 

3.5 

4.8 

3.8 

5.0 

2.9 

2.9 

2.4 

1.85 

1.35 

« 1.5  ' 

ai6 

•  2.4 

10 

3.4 

4.6 

3.7 

4.9 

2.9 

2.8 

2.35 

1.8 

al.5 

a2.6 

02.4 

11 

3.4 

4.3 

3.7 

4.7 

2.8 

2.8 

2.45 

1.8 

«»1.5 

a  2.6 

•  2.4 

12 :.... 

3.3 

3.0 

3.7 

4.6 

2.8 

2.8 

2.46 

1.5 

al.6 

a2.6 

•  2.3 

13 

3.4 

3.7 

3.7 

4.4 

2.8 

2.8 

2.4 

1.5 

«1.6 

a2.6 

•  2.3 

14 

3.4 

3.7 

3.8 

4.3 

2.8 

2.7 

2.4 

1.5 

al.6 

02.6 

•  2.3 

15 

3.6 

3.9 

3.8 

4.2 

2.8 

2.7 

2.7 

1.5 

al.6 

a2-7 

•  2.3 

16 

3.9 

4.0 

4.0 

4.3 

3.0 

2.7 

2.7 

1.7 

al.« 

o^J 

•  2.3 

17 

4.95 

4.1 

4.0 

4.3 

3.4 

2.7 

2.7 

1.7 

«1.4 

1.7 

a  2.7 

aa.3 

18 

5.1 

4.3 

5.0 

4.3 

3.5 

2.7 

2.3 

1.8 

2.0 

a2.7 

•2.3 

19 

1    5.0 

4.6 

5.4 

4.2 

3.5 

2.5 

2.4 

1.8 

2.0 

a2.7 

•  2.3 

20 

5.0 

4.8 

6.6 

4.0 

•    3.4 

2.5 

2.4 

1.7 

2.0 

a2.7 

•  2.3 

21 

5.0 

5.0 

5.5 

4.0 

3.4 

2.5 

2.3 

1.7 

2.0  j 

a2.7 

3.3 

22 

'    5.25 

5.8 

5.8 

3.9 

3.2 

2.4 

2.2 

1.5 

2.0 

a2.7 

3.3 

23.. 

5.96 

5.2 

5.55 

3.9 

3.2 

2.4 

2.2 

1.5 

2.0 

02.6 

2.2 

24 

6.5 

5.05 

5.45 

3.7 

3.2 

2.4 

2.6 

1.5 

a  1.4 

a2.0 

a2.6 

2.2 

25 

6.0 

5.0 

5.4 

3.6 

3.1 

2.3 

2.4 

1.5 

a2.0 

02.6 

2.2 

26.. 

5.8 

5.0 

5.7 

3.4 

3.1 

2.3 

2.1 

1.5 

2.2 

a  2.6 

2.2 

27 

t    5.5 

4.8 

5.9 

3.1 

3.0 

2.3 

2.1 

1.7 

a2.2 

02.6 

2,1 

28 

1    5.0 

4.8 

.5.8 

3.1 

3.1 

2.7 

2.1 

1.7 

1.5 

«2.2 

a2.6 

2.2 

29 

'     4.8 

5.8 

3.1 

3.2 

2.7 

2.2 

1.7 

1.5 

a2.2 

a  2.6 

2.2 

30 

'    5.1 

5.8 

3.0 

3.3 

2.7 

2.2 

1.5 

al.6 

.2.3 

a2.5 

2.2 

31 

!    5.4 

1 

6.0 

3.3 

2.25 

1.5 

0.3 



2.2 

a 

Estimi 

ited. 

Note.— River  frozen  over  December  23-31. 


XNOTE.— rtiver  irozen  over  uecemoer  z*-,ji. 

Station  rating  table  for  Pit  Rimr  near  Bieber,  Col.,  from  January  1  to  December  31,  1906. 


Feet. 
2.60 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 


Second-feet 

64 

Tl 

92 

109 

127 

147 

168 

190 

213 

239 

270 

307 


Feet. 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 


^Secxmd-feet, 
349 
396 
448 
505 
665 
630 
695 
760 
830 
900 
975 
1,050 


Feet. 
4.90 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 


\Second-feet. 
1,130 
1,216 
1,400 
1,695 
1,810 
2,036 
2,270 
2,625 
2,810 


Note.— The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  26  discharge 
measurements  made  during  1905.  1 1  is  well  defined  between  gage  heights  3.6  feet  and  6  feet.  Below  3.5 
feet  the  table  is  not  so  well  defined.  r-^  r 
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EstimaUd  monthly  discharge  of  Pit  River  near  Bieber,  Cdl.,  for  1906. 

[DrainAge  area,  2,948  square  miles.] 

Diacharge  in  second-feet. 


Month. 


JOToary 

February , 

Math 

April ^ 

May 

ione 

July 

Aoguit 

September 

f^tober 

Korember....'. 
DawnbfT  1-22. 


Maximuni. 


2,960 

2,270 

2,270 

2,665 

270 

190 

92 

29 

2.2 

44 

92 

213 


Minimum. 

213 
349 
349 
147 
109 
44 
29 
2.2 
.8 
2.2 
44 
44 


The  period. 


Mean. 


1,036 
1,063 
1,101 
950 
166 
103 
51.8 
9.73 
1.23 
15.4 
76.1 
63.9 


Total  in 
acre-feet. 


63,700 

60,150 

67,700 

56,530 

10,210 

6,129 

3,185 

598 

73.2 

947 

4,528 

2,788 


276,500 


Rim-off. 


Second-feet     jv    .w 


0.351 
.367 
.373 
.322 
.056 
.035 
.018 
.0033 
.00042 
.0052 
.026 
.022 


0.405 
.382 
.430 
.359 
.065 
.030 
.021 
.0038 
.00047 
.0060 
.029 
.025 


.NoTS.— Diacfaarge  interpolated  for  missing  gage  heights  in  S^tember,  October,  November,  and 

Deoeniber. 

SOUTH  70BX  OF  FIT  RIVZK  VEA&  IVT,  OAL. 

This  station  was  established  January  11,  1904,  by  H.  E.  Qreen  and  J.  S.  Evans.  It  is 
iocated  3  miles  west  of  Ivy  post-office,  at  the  outlet  of  Jess  VaUey. 

Tbe  channel  is  straight  for  200  feet  above  and  80  feet  below  the  station.  The  current  is 
shiggii^  at  low-water  stage.  The  right  bank  is  low  and  subject  to  overflow  in  high  water. 
The  bed  of  the  stream  is  composed  of  earth  and  is  filled  with  vegetation  at  low-water  stage. 

Discharge  measurements  are  made  from  a  cable  and  car.  The  initial  point  for  sound- 
u^  is  the  foot  of  the  post  used  for  fastening  the  car  on  the  left  bank  of  the  stream. 

llie  gage  is  a  vertical  plank  fastened  to  a  tree  on  the  left  bank  50  feet  above  the  station. 
It  is  read  only  at  times  dischai^  measurements  are  made,  as  it  is  impossible  to  get  an 
obaprver  on  account  of  its  isolated  location.  The  bench  mark  is  on  a  large  bowlder  150 
M  east  of  cabin  on  the  right  bank«nd  below  the  station;  elevation,  12.00  feet  above  the 
<i*tom  of  the  gage. 

A  description  of  this  station,  with  gage  height  and  discharge  data,  is  contained  in  Water- 
Supply  Paper  No.  134,  United  States  Geological  Survey. 
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Discharge  measuremerUs  of  SouA  Fork  of  PU  River  near  hyy,  Cal.f  in  1905, 


Battt. 


Hydrographflr. 


Width. 

Area  of 
section. 

Mean 
velocity. 

Oace 
bei^t. 

Di0- 
chaiiBe. 

Feet. 
32 

Sq.feet, 
63 

Ft,  per  sec. 
0.92 

FeeL 
4.90 

Sec-fed. 

58 

28 

37 

.62 

3.80 

23 

30 

47 

1.04 

4.18 

49 

28 

42 

1.00 

4.00 

13 

28 

42 

1.06 

4.06 

44 

31 

63 

1.46 

4.72 

93 

30 

51 

1.18 

4.30 

60 

33 

61 

1.41 

4.60 

» 

33 

62 

1.37 

4.60 

85 

66 

104 

1.52 

5.33 

158 

66 

101 

1.53 

5.33 

15S 

85 

112 

1.41 

5.40 

158 

98 

118 

1.40 

5.44 

165 

107 

145 

1.34 

5:68 

195 

97 

126 

1.31 

5.50 

165 

30 

80 

1.32 

5.05 

108 

38 

78 

1.28 

5.00 

100 

24 

22 

1.86 

4.15 

41 

23 

19.5 

1.79 

4.05 

35 

23 

18.3 

1.75 

4.00 

32 

15 

20 

1.60 

4.00 

32 

15 

20 

1.60 

4.00 

fi 

16 

19.5 

1.44 

4.10 

28 

16 

19.8 

1.41 

4.10 

38 

16 

17.2 

1.16 

3.  TO 

19  9 

6 

8.6 

1.42 

3.20 

12.2 

14 

8.6 

1.95 

3.30 

16.8 

15 

7.2 

1.97 

3.20 

14.2 

15 

7.2 

1.97 

3.20 

14.3 

15 

7.2 

2.00 

3.20 

14.4 

16 

6.8 

2.03 

3.20 

13.8 

15 

7.2 

2.03 

3.20 

14.6 

16 

8.0 

3.09 

3.20 

16.7 

16 

8.4 

2.13 

3.20 

17.9 

16 

7.6 

2.12 

3.» 

16.1 

January  1... 
January  13 . . 
February  1 . . 
February  17 . 

MaiTh4 

March  17 

March  30.... 

Aprill3 

April  22 

May  12 

May  13 

May25 

May  26 

June  5 

June  6 

June  17 

June  19 

July  1 

July  13 

July  14 

July  26 


J.  Y.  Toler. 

do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

do 

....do 

do 

do 

....do 

....do 

....do 

....do 

....do 

do 

....do 


July  27 j do. 

AugUBt  15 1 do. 

August  16 1 do. 

August  24 1 do. 

September  6... do. 


October  3 

do      

October  12 

^" 1 

.    .do 

October  13 

do 

October  21 

do 

November  1 . . . 

.  ..do 

November  2 . . . 

do 

November  14 . . 

do 

November  15 . . 

do 

1 

WEST  YALLBY  OBEEX  VSAK  LIKELY,  OAL. 

This  station  was  established  January  7,  1904,  by  II.  E.  Green  and  J.  S.  Evans.  It  is 
located  7  miles  east  of  Likely,  Cal.,  at  the  outlet  of  West  Valley. 

The  channel  is  straight  for  200  feet  above  and  100  feet  below  the  station.  The  banks 
are  high  and  not  subject  to  overflow.  The  bed  of  the  stream  is  rocky  and  not  subject  to 
change.    The  current  is  swift. 

Discharge  measurements  are  made  from  a  cable  and  car,  or  by  wading  at  low-water 
stage.  The  initial  point  for  soundings  is  a  juniper  stump  on  the  left  bank,  which  is  used 
for  a  tieing  post  for  the  car.  After  July  1,  1905,  gagings  were  made  at  the  ranch  house 
near  the  upi>er  rod.  These  gagings  give  a  much  less  discharge  than  at  the  regular  station. 
The  gage  is  a  vertical  plank  nailed  to  a  juniper  tree  on  the  right  bank  of  the  creek.  As 
no  one  could  be  obtained  to  read  the  station  gage,  a  gage  was  placed  2  miles  above  the 
station  near  the  ranch  house,  where  an  observer  could  be  obtained.  The  gage  as  read  at 
this  point  is  not  considered  satisfactory  for  use  in  constructing  a  discharge  curve  for  the 
gaging  station,  but  only  gives  a  general  idea  of  the  fluctuations  in  the  flow  of  the  stream. 
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Nmneroos  springs  and  swamps,  appear  in  the  valley  between  the  gaging  station  and  the 
ranch  house,  giving  a  greater  dischaige  at  the  gaging  station  than  at  this  point.  During 
19Q5  the  gage  was  read  by  Jaq)er  L.  Fountain.  The  bench  mark  is  a  point  marked  with 
paint  on  a  large  bowlder  30  feet  from  the  creek  on  the  left  bank;  elevation,  10.00  feet  above 
the  datum  of  the  gage. 

A  descriptioD  of  this  station,  with  gage  hei^t  and  discharge  data,  is  contained  in  Water- 
Sopi^  Paper  No.  134,  United  States  Geological  Survey. 

DMiorge  meaguremerUs  of  West  VaUey  Creek  near  Likely ,  Col.,  in  1906, 


DatA. 


Hydrographer. 


J.  Y.  Toler. 

do 

--..do 

do 

do 

....do 

...-do 

....do 

....do 

....do 

....do 

do 

....do 


January  12. 
Jftaoary  31 . 
Februarys. 
Febrmryie 
Maidi4.... 
lUreliS.... 
March  16-.. 
Mardiir... 
Mazch39... 
MaichSl..- 

ApiU  13 

April  22.... 

May  12 

May  13 ' do 

May  26 do 

May  25 \ do 

Jane  4 do 

Junes ' do 

Jimee ! do 

Jane  17 1 do 

June  19 * do 

Jolyl do 

July  13 do 

July  14 do 

Jiily25 ' do 

AngofltlS ' do 

AoKiut24 ' do 

BfptemberS...' do 


September  6.- 
ScptemberU. 
Sq»temberl5. 

Octobers 

October  12.... 
October  13.... 
October  21.... 
October  22.... 
Norember  1 . . 
Noyemberl4. 
November  15 . 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Width, 


FeH. 
15 
15 
15 
15 


Area  of       Hean     '     Gase 
■eotion.     velocity,     hei^^t. 


15  I 


Sq.ft.  Ft. 

22  I 

23  ' 

22  I 
24 
24 
24 

24  I 
32  I  ' 
21  j 

21  ! 

22  j      ^ 
10  I 

25 
26 

21  ' 

22  I 
28  j 
26  ' 


22 
22 
4.4 

10.0 
10.0 
0.6 
10.0 
7.2 
13 

13.7 
7.4 
7.8 
8.4 
10.1 
10.4 
7.6 
7.8 
11.4 
11.0 
11.0 


per  tec, 
1.28 
.96 
.93 
1.09 
1.00 
1.00 
1.02 
2.16 
1.43 
1.42 
1.18 
1.19 
1.40 
1.46 
1.05 
.95 
1.68 
1.50 
1.28 
1.18 
1.09 
3.84 
1.74 
1.74 
1.72 
1.70  " 
1.43  ' 
1.02 
1.04 
1.53 
1.49 
1.65  I 
1.50  I 
1.68 
1.72, 
1.73  I 
1.24  I 
1.32 
1.30  I 


Feet. 
3.30 
3.20 
3.20 
3.22 
3.20 
3.20 
3.22 
3.70 
3.30 
3.30 
3.25 
3.20 
3.32 
3.35 
3.22 
3.19 
3.50 
3.40 
3.30 
3.20 
3.15 
3.10 
3.20 
3.20 
3.15 
3.15 
3.00 
3.10 
3.10 
3.10 
3.10 
3.10 
3.20 
3.20 
3.10 
3.10 
3.20 
3.20 
3.20 


Dis- 
charge. 


Sec.'ft. 
28 
22 
20 
26 
24 
24 
26 
60 
30 
30 
26 
23 
36 
38 
22 
21 
47 
30 
32 
26 
24 
16.9 
17.4 
17.4 
16.5 
17 
10.3 
13.2 
14.2 
11.3 
11.6 
13.9 
17.1 
17.5 
13.1 
13.5 
14.0 
14.5 
14.3 


NoTB.— After  July  1  gagings  were  made  near  upper  gage. 
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Daily  gage  height,  in  feet,  of  West  Valley  Creek  near  Likely,  Cal.,for  1905. 


Day. 


1. 
2, 
3. 
4. 
5. 
6. 
7. 
8. 
0. 
10, 

11. 

12. 
13, 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 

ICar. 

Apr. 

May. 

June. 

July. 

Aug. 

3.3 

3.2 

3.2 

4.5 

3.15 

3.2 

3.2 

0.2 

3.3 

3.2 

3.2 

3.4 

3.15 

3.2 

3.2 

3.2 

3.25 

3.2 

3.2 

3.3 

3.15 

3.2 

3.2 

3.2 

3.25 

3.2 

3.15 

3.3 

3.15 

3.2 

3.2 

3.2 

3.25 

3.2 

3.15 

3.3 

3.15 

3.6 

3.2 

3.2 

3.2 

3.2 

a  3. 16 

3.3 

3.15 

3.5 

3.2 

3.2 

3.2 

3.2 

«3.15 

3.25 

3.15 

3.45 

3.2 

3.2 

3.2 

3.2 

a  3. 15 

3.25 

3.3 

3.55 

3.2 

3.2 

3.2 

3.2 

«3.1 

3.25 

3.2 

3.55 

3.15 

3.2 

3.2 

3.2 

«3.1 

3.25 

3.4 

3.3 

3.15 

3.2 

3.2 

3.2 

3.1 

3.25 

3.3 

3.3 

3.15 

3.2 

3.2 

3.2 

3.1 

3.25 

3.25 

3.25 

3.15 

3.2 

3.2 

3.2 

3.15 

3.25 

3.2 

3.25 

3.15 

3.2 

3.2 

3.2 

3.2 

3.25 

3.2 

3.2 

3.15 

3.0 

3.2 

^2 

3.2 

3.3 

3.2 

3.2 

3.15 

3.0 

3.2 

3.2 

3.2 

3.3 

3.2 

3.2 

3.15 

3.0 

3.25 

^2 

3.65 

3.3 

3.2 

3.2 

3.15 

3.0 

3.25 

3.2 

3.4 

3.25 

3.2 

3.2 

3.15 

3.0 

3.3 

3.2 

3.5 

3.2 

3.2 

3.2 

3.15 

3.0 

3.3 

3.2 

3.35 

3.2 

3.2 

3.2 

3.15 

3.0 

3.3 

3.2 

3.5 

3.2 

3.2 

3.2 

3.15 

3.0 

3.25 

3.2 

3.5 

3.2 

3.2 

3.2 

3.15 

3.0 

3.2 

3.2 

3.35 

3.2 

3.2 

3.2 

3.15 

3.0 

3.2 

3.2 

3.3 

3.2 

3.2 

3.2 

3.15 

3.0 

3.2 

3.2 

3.3 

3.2 

3.2 

3.2 

3.15 

3.0 

3.2 

3.2 

3.4 

3.15 

3.2 

3.2 

3.15 

3.0 

3.2 

3.2 

3.7 

a  15 

3.2 

3.2 

3.15 

3.0 

3.2 

3.2 

3.4 

3.15 

3.2 

3.2 

3.15 

3.0 

3.2 

3.35 

3.15 

3.2 

3.2 

3.15 

3.0 

3.2 

3.4 

3.15 

3.2 

3.2 

3.15 

3.0 

3.2 

3.5 

3.2 

3.2 

3.0 

Sept. 


3.0 

3.0 

3.0 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.2 

3.2 

3.2 

3.2 

3.2 

a3.2 

a3.2 

a3.2 

a3.2 

a3.2 

«3.2 

«3.2 

a3.2 

a3.2 

o3.2 

a3.2 

a3.2 

«3.2 

aa2 


Oct. 


«3.1 

a3.1 

a3.1 

a3.1 

a3.1 

a3.1 

a3.1 

a3.2 

a3.2 

«3.2 

a3.2 

«3.2 

a3.2 

«3.2 

a3.2 

«3.2 

a3.2 

«3.1 

a3.1 

a3.1 

a3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

^.1 

3.1 

3.1 

3.1 


Nov.  '  Dec. 


a  15 

3.15 

3.15 

3.2 

3.2 

3.2    . 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2    ■ 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.6 

3.4 

3.8 

3.25 

3.1 

3.1  1 
3.1 
3.15  I 

3.2  ' 
3.1  I 
3.1    I 


3.1 
..1 
3.15 
3.15 
115 
3.15 
3.15 
3.1 
3.15 
3.15 
3.1 

lis 

11 

125 

115 

11 

115 

11 

11 

115 

11 

11 

115 

11 

115 

11 

11 

11 

115 

11 

16 


•Bitimated. 
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DttUy  disduurge,  in  second-feet,  of  West  Valley  Creek  near  Likely,  Cal.,for  1905. 


9.. 
W.. 
11.. 
12.. 

13.. 
14.. 
15.. 
10.. 
17.. 
18., 
19. 
X. 
21. 
22. 
23. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
».. 

ai.. 


Day. 


28 

28 

25 

25 

25 

22 

22 

22 

22 

22 

22 

22  I 

22  I 

22  ' 

22I 

22I 

25 

25 

28 

28 

28 

25 

22 

22 

22 

22 

22 

22 

22 

22 

22 


Mar. 

Apr. 

24 

188 

24 

as 

24 

30 

24 

30 

24 

30 

21 

30 

21 

26 

21 

26 

10 

26 

19 

26 

19 

26 

19 

26 

21 

26 

24 

26 

25 

30 

25 

30 

63 

30 

38 

26 

48 

23 

34 

23 

48 

23 

48 

23 

34 

23 

30 

23 

.  30 

23 

38 

21 

60 

21 

38 

21 

34 

21 

38 

21 

48 

U.y. 

June. 

July. 

Aug. 

Sept. 

22 

23 

20 

20 

10 

22 

23 

20 

20 

9 

22 

24 

20 

20 

9 

22 

24 

19 

20 

13 

23 

57 

19 

20 

13 

23 

47 

19 

20 

14 

23 

43 

18 

20 

14 

32 

52 

18 

20 

13 

26 

52 

16 

20 

13 

.  42 

32 

16 

20 

12 

33 

32 

15 

20 

12 

30 

29 

15 

20 

2^ 

27 

29 

15 

20 

26 

27 

26 

15 

11 

26 

27 

26 

15 

11 

26 

26 

26 

15 

11 

26 

26 

26 

15 

10 

26 

26 

26 

15 

10 

25 

24 

26 

16 

10 

24 

24 

26 

16 

10 

24 

24 

25 

16 

10 

23 

23 

25 

16 

10 

22 

23 

24 

16 

10 

21 

21 

24 

16 

10 

21 

21 

23 

16 

10 

20 

21 

23 

17 

10 

20 

21 

22 

17 

10 

19 

21 

22 

17 

10 

18 

22 

21 

17 

10 

18 

22 

21 

17 

10 

17 

23 



20 

10 



Oct. 

16 
15 
14 
14 
14 
15 
15 
16 
16 
16 
17 
17 
18 
18 
17 
16 
16 
15 
14 
14 
13 
14 
14 
13 
13 
12 
12 
11 
11 


Nov. 


Note.— Daily  discharge  obtained  by  indirect  method  (or  shifting  channel, as  no  measurements inr ere 
made  later  than  November  19.    No  estimate  has  been  made  lor  the  remainder  ot  the  year. 


Digitized  by  VjOOQIC 


144  STREAM   MEASUREMENTS    IN    1905,   PART    Xni. 

EfUnuUed  monthly  discharge  of  West  V alley  Creek  near  Likely,  Cal.^fw  J 905. 


Month. 


January 

February... 

Match 

April 

May 

June 

July 

Aup^ust 

September 

October 

November  1-19. 


The  period . 


Discharge  in  second-feet. 

Total  in 

Maximum. 

Minimum. 

Mean. 

acre-feet. 

28 

22 

23.5 

1.445 

26 

20 

23.6 

1,311 

09 

10 

32.0 

l.Mg 

188 

21 

31.2 

1,8S6 

42 

21 

24.8 

1,52S 

67 

21 

29.^ 

1,744 

20 

15 

16.8 

1,033 

20 

10 

14.3 

879 

26 

9 

18.7 

1.113 

18 

10 

14.4 

f» 

15 

12 

13.9 

sn 

1 

14, 2W 

1 

ASH  CRESK  AT  ASIV,  GAL. 

This  station  was  established  March  13,  1904,  by  J.  S.  Evans  and  William  Busch.  It  was 
originally  located  one-fourth  of  a  mile  above  the  town  of  Adin.  During  the  summer  the 
closing  of  the  waste  gates  in  the  dam  at  Adin  interfered  with  the  discharge  at  this  point  to 
such  an  extent  that  on  August  15,  1904,  the  station  was  reestablished  at  a  point  100  feet 
below  the  wagon  bridge  in  the  town  of  Adin,  Cal.,  which  is  about  500  feet  below  the  dam. 

The  channel  is  straight  for  200  feet  above  and  200  feet  below  the  station.  The  left  bank 
is  high,  but  the  right  bank  is  subject  to  overflow  from  the  side  channel  which,  in  flood 
diverts  water  from  above  the  station.  The  bed  of  the  stream  is  gravelly  and  not  subject 
to  change. 

Dischai^e  measurements  are  made  from  a  suspension  footbridge  constructed  with  one- 
half  inch  cables. 

The  gage  is  a  vertical  plank  fastened  to  a  tree  on  the  left  bank  of  the  stream.  During 
1905  the  gage  was  read  once  each  day  by  H.  WiUiams. 

A  description  of  this  station,  with  gage  heights  and  dischaiiged  data,  is  contained  in  Water 
Supply  Paper  No.  134,  United  States  Geok)gical  Survey. 
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Diadutrge  measuremerUa  ofAak  Creek  River  at  Adin,  CaL.,  in  1905, 


Date. 


Hydrc^rapher. 


Width. 


Area  of 
section. 

Mean 
velocity. 

Sq.ft, 

Ft.  per  tec. 

SO 

0.90 

09 

1.23 

92 

1.35 

95 

1.33 

70 

.99 

78 

1.47 

76 

1.30 

106 

1.57 

93 

1.44 

67 

1.07 

67 

1.10 

68 

1.16 

114 

1.27 

125 

1.85 

107 

1.72 

103 

1.65 

82 

1.45 

79 

1.34 

80 

1.33 

60 

.98 

63 

1.06 

56 

.86 

54 

.85 

53 

.79 

53 

.76 

28 

1.08 

27 

1.06 

26 

.96 

22 

.93 

23 

.91 

18.9 

1.22 

15.4 

1.28 

15.4 

1.29 

19.2 

1.10 

18.4 

.98 

16.7 

.89 

16.7 

.83 

19.2 

.98 

21 

1.06 

2.5 

.92 

49 

.49 

19.2 

1.67 

50 

.59 

19.2 

1.41 

51 

.63 

50 

.63 

67 

.87 

50 

.64 

53 

.84 

Gage 
height. 


Dl». 
charge. 


Janiiai7  7 

January  21 . . . 
January  25 . . . 

Do. 

Febn]ary8... 
February  11 . . 
February  12 . . 


J.  Y.  Toler. 

..-.do 

....do 

...-do 

-..-do 

....do 

--.-do 


F^mary  23  - do . 

Febniaxy26 do. 

MaichlO. do. 

March  12. ' do. 


March  IX 

March  25. 

AprflS 

Aptil8 

Do 

Apiilie 

Aprill8 

Mayl 

May  3. 

May  4 

May  17 

May  18 

May  19 

May2D 

Jane  10 

June  11 

June  13 

July6 

July  18- 

July  21 

Aucu8t8 

AugUftlO 

Augiutl7 

August  20 

August  29 

August  30 

September  10 . . 
September  11.. 
September  20>. 
September  21.. 

October  8 

October9 

October  17 

October  18 

October  26 

October  28 

Norember  8 . . . 
November  9 . . . 


..do. 
..do. 
..do. 
..do. 
..do. 
.-do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
-do. 
-do. 
-do- 
-do. 
-do. 
..do. 
-do- 
..do. 
..do. 
..do. 
.do. 
.do. 
.do. 
..do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
-do. 
.do. 
.do- 
.do. 


Feet. 
32 
34 
35 
35 
34 
36 
36 
36 
36 
35 
35 
35 
36 
36 
36 
36 
35 
35 
35 
34 
34 
33 
33 
33 
33 
45 
45 
44 


Feet. 
1.96 
2.40 
2.89 
3.00 
2.30 
2.80 
2.50 
3.30 
2.90 
2.30 
2.30 
2.35 
3.60 
3.95 
3.55 
3.40 
2.80 
2.70 
2.70 
2.20 
2.10 
1.90 
1.90 
1.85 
1.80 
1.80 
1.75 
1.70 
1.65 
1.65 
1.70 
1.60 
1.60 
1.65 
1.60 
1.50 
1.50 
1.60 
1.70 
1.00 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
2.00 
1.80 
1.90 


See.'ft. 
45 
85 
124 
126 
69 
115 
99 
170 
134 
72 
74 
79 
145 
231 
183 
171 
119 
106 
106 
50 
68 
48 
46 
42 
40 
30 
28 
26 
20 
21 
23 
19.7 
19.9 
20 
18.1 
14.9 
13.8 
18.9 
22 
2.3 
24 
32 
29 
27 
32 
31 
60 
32 
44 


•Water  held  back  by  dam  above  station. 
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STREAM   MEASUREMENTS   IN    1905,  PART    Xin. 
DaUy  gage  height,  in  feet,  of  Ash  Creek  at  Adin,  Cal.^for  1905. 


Day. 

Jan. 

Fob. 

Mar. 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
3.1 
5.1 
6.2 
4.3 
4.6 
4.6 
3.8 
5.4 
3.6 
9.0 
4.6 
4.1 
4.2 
4.2 
4.1 

Apr. 

4.1 
6.0 

«.o 

4.6 
4.6 
4.0 
3.7 
3.7 
3.2 
3.2 
3.1 
3.1 
3.0 
3.0 
3.0 
3.0 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.7 
2.7 
2.8 
2.8 
2.8 
...... 

May 

2.3 
2.2 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
2.1 
2.1 
2.2 
2.2 
2.3 
2.3 
2.3 
2.1 
2.1 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

June. 

July. 

Aug. 

1.5 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

1-7 
1.7 
1-7 
1.6 
1.6 
1.6 
1.6 

Sept. 

1.6 
1.7 
1.7 
1.7 
1.7 
1.8 
1.8 
1.8 
1.8 
1.9 
1.9 
1.8 
1.8 
1.8 
1.8 
L8 
1.7 
1.7 
1.7 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 



Oct. 

1.7 

1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
..8 
1.8 
1.9 
1.9 
1.9 
1.9 
1.9 

1-7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.8 
1.8 
1.8 
1.8 
1.9 

Nov. ,  I>«ic 

i 

1 

2.5 
2.4 
2.2 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
L9 
1.9 
2.0 
2.0 
2.0 
4.0 
2.5 
2.0 
2.8 
2.4 
2.4 
4.1 
4.0 
4.6 
3.0 
2.4 
2.3 
2.3 
2.3 
4.5 
4.5 

3.4 
5.9 
3.5 
3.4 
3.4 
3.4 
3.4 
3.2 
2.5 
2.4 
2.3 
2.3 
2.2 
2.1 
2.1 
2.1 
2.2 
3.1 
'  5.9 
6.0 
3.4 
3.3 
3.3 
2.6 
2.6 
2.3 
2.3 
2.5 

1.9 
1.9 
1.9 
1.9 
1.9 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.7 

1.7 
1.7 
1-7 
1.7 
•  1.7 
1.7 
1.7 
1.7 

1.7 
1.7 
1.7 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.6 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.6 
1.5 
1.5 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 

1.9       U 

2 

1.9       1.8 

3 

1.9       1.8 

4 

1.9       l^ 

5 

1.9       1.8 

6 

1.9       1.^ 

7 

1.9       1.8 

8 

1.9  1     1.8 

9 

1.9       1.8 

10 

1.9  '      l.S 

11 

1.9       1.8 

12 

1.9        1.8 

13 

1.9  I      1.8 

14 

1.9       1.8 

16 

1.9  1     1.8 

16 

1.8  t     1.8 

17 

1.8}     1.8 

18 

1.8  1     1-8 

19 

1.8        1-8 

20 

1.8  1     1.8 

21 

1.8  '     U 

22 

1.8       l.S 

23 

1.8  1     l.» 

24 

1.8       1.8 

25 

'  1.8  i      1.8 

2Q 

1.8  ,      1.8 

27 

1.8        1-8 

28 

1.8,      1.8 

29 

1.8        1.8 

30 

1.8  1      1.8 

31. 

■     '      1.8 

1 

Station  rating  table  for  Ash  Creek  at  Adin^  Cat.,  from  January  1  to  December  Sly  1905- 


Gage 
height. 

Feet. 

i 
Discharge. 

Second-feet. 

\ 

hci^t. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

\    Feet. 

Second-feet. 

1.50 

14 

2.60 

97 

3.70 

205 

I        4.80 

342 

1.60 

20    ' 

2.70 

106 

3.80 

216 

1        4.90 

356 

1.70 

27 

2.80 

115 

3.90 

227 

5.00 

370 

1.80 

34 

2.90 

124 

4.00 

238 

5.20 

400 

1.90 

41 

3.00 

134 

4.10 

250 

5.40 

430 

ZOO 

48    1 

3.10 

144 

4.20 

262 

5.60 

462 

2.10 

56 

3.20 

154 

4.  .30 

274 

5.80 

494 

2.20 

.    64 

3.30 

164 

4.40 

287 

6.00 

526 

2.30 

72    1 

3.40 

174 

1        4.50 

300 

6.20 

660 

2.40 

80    ' 

3.50 

184 

1        4.60 

314 

2.50 

.    -"i 

3.60 

194 

'        4.70 

! 

328 

NoTE.—The  above  table  la  applicable  only  for  open-channel  conditions.  It  is  based  on  49  discharge 
measurements  made  during  1905.  It  is  well  defined  between  gage  heights  1.6  leet  and  4  feet.  Above  4 
feet  the  table  is  a  rough  approximation. 
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Estimated  monthly  discharge  of  Ash  Creek  at  Adin,  Cal.y  for  1906. 
[Drainage  area,  260  square  miles.] 


Month. 


January 

Fcbroary 

March 

April 

May 

June 

July 

August 

September 

October 

NoTember 

December 

The  year 


Discharge  in  second-feet. 


Maximum, 


314 

5% 

1,120 

526 

72 

41 

27 

27 

41 

41 

41 

34 


1,120 


Minimum. 


41 
56 
80 
106 
41 
27 
14 
14 
20 
27 
34 
34 


Mean. 


107 

158 

214 

176 
56.7 
32.8 
15.5 
20.5 
27.2 
31.1 
37.5 
34 


Total  in 
acre-feet. 


6,579 
8,775 
13,160 
10,470 
3,486 
1,052 
953 
1,260 
1,618 
1,012 
2,231 
2,001 


Run-off. 


Second-feet 

•sc 
mil 


per  square 
nlle. 


75.9  I  54,490 


0.412 
.608 
.823 
.677 
.218 
.126 
.060 
.079 
.106 
.120 
.144 
.131 


.292 


Depth 
in  inches. 


0.475 
.633 
.949 
.755 
.251 
.141 
.069 
.091 
.117 
.138 
.161 
.151 


3.93 


MeOLOin)  RIVSB  VSAK  OSEGORY,  CAL. 

lliis  station  was  established  March  23,  1902,  in  cooperation  with  the  McCloud  River 
Electric  Company.  It  is  located  at  John's  Camp,  near  Hirze  Mountain,  14  miles  east  pf 
Gregory  Post-oflfice,  Cal.  Baird  Station,  on  the  Southern  Pacific  Railroad,  is  just  across 
Sacramento  River  from  Gregory. 

The  channel  is  straight  for  300  feet  above  and  600  feet  below  the  gaging  station.  The 
current  is  swift  at  all  stages.  The  banks  are  high  and  wooded  and  not  liable  to  overflow. 
The  bed  is  composed  of  limestone  on  the  sides,  with  some  large  river  gravel  and  bowlders  in 
the  center  of  the  channel. 

Measurements  are  made  from  a  car  suspended  from  a  cable.  The  initial  point  for  sound- 
ings is  at  the  gage  rod  on  the  right  bank  of  tlie  stream.  A  line  is  placed  150  feet  below  the 
cable,  marking  a  course  for  float  measurements  during  floods. 

TTie  gage  rod  is  a  timber  nailed  and  wired  to  a  tree  on  the  right  bank.  The  bench  mark 
is  a  point  marked  with  a  ring  of  white  paint  on  the  top  of  a  bowlder  10  feet  upstream  from 
the  10-foot  mark  on  the  cable;  elevation,  21.19  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  100  and 
134  of  the  United  States  Geological  Survey. 


Digitized  by  LjOOQIC 


148  STREAM    MEASUREMENTS    IN    1905,   PART    XIII. 

Discharge  measurements  ofMcOloud  River  near  Oregory,  Cal.,  in  1906. 


Date. 

Ilydrographer. 

Wtdth. 

Area  of  i     Mean 
section.  '  velocity. 

Oase 
hei^t. 

Dis- 
char^. 

February  21... 
February  22 . . . 

O.  W.  Peterson 

Feet. 
114 
114 
114 
103 

Sq.ft. 
830 
750 
766 
543 

Ft.  per  sec. 
6.43 
5.47 
5.38 
2.55 

1 
Feet.        8ec.-fL 
4.68           5,337 
3.96            4.1&S 

do 

February  22 . . . 

do 

3.88 
1.63 

4,130 

August  6 

Peterson  &  Lee 

1,386 

DaUy  gage  height,  in  feet,  ofMcCloud  River  near  Oregary,  Cal.,  for  1906. 


Day. 


1 
2 
3 
4 
5 
6 
7, 
8 
9 

10. 

11 

12 

13 

14, 

15 

16 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


Jan. 

Feb. 

Mar. 

2.9 

3.85 

2.9 

2.6 

4.5 

2.8 

2.45 

3.85 

2.8 

2.3 

3.7 

2.75 

2.2 

3.6 

2.7 

2.2 

3.6 

2.7 

2.15 

3.5 

2.65 

2.1 

3.3 

2.65 

2.0 

3.2 

2.6 

2.0 

3.1 

2.6 

2.0 

3.0 

2.7 

1.95 

2.95 

3.05 

2.05 

2.7 

4.6 

3.1 

2.6 

6.8 

3.25 

2.5 

5.25 

3.3 

2.5 

4.6 

3.1 

2.4 

4.15 

3.0 

2.5 

4.0 

3.0 

3.4 

4.4 

2.95 

5.3 

4.7 

4.1 

4.7 

5.2 

8.05 

3.9 

4.7 

7.4 

3.6 

4.35 

6.2 

3.35 

4.0 

6.6 

3.1 

3.8 

5.15 

3.1 

4.3 

4.25 

3.0 

4.0 

3.8 

2.9 

3.9 

3.45 



3.9 

3.25 

3.6 

3.25 

3.6 

Apr. 

3.4 

3.3 

3.25 

3.2 

3.1 

3.0 

2.9 

2.85 

2.8 

2.7 

2.7 

2.6 

2.6 

2.55 

2.6 

2.8 

2.6 

2.75 

2.9 

2.85 

2.8 

2.8 

2.7 

2.7 

2.7 

2.7 

2.7 

2.6 

2.6 

2.7 


May. 

June. 

July. 

2.8 

2.1 

1.8 

2.7 

2.2 

1.8 

2.65 

2.1 

1.8 

2.6 

2.1 

1.8 

2.5 

2.1 

1.8 

2.6 

2.05 

1.8 

2.7 

2.05 

1.8 

2.8 

2.0 

1.8 

2.7 

2.0 

1.8 

2.7 

2.0 

1.8 

2.7 

2.0 

1.8 

2.6 

2.0 

1.75 

2.6 

1.95 

1.75 

2.55 

1.95 

1.75 

2.5 

1.9 

1.75 

2.5 

1.9 

1.7 

2.5 

1.9 

1.7 

2.5 

1.9 

1.7 

2.4 

1.9 

1.7 

2.4 

1.9 

1.7 

2.3 

1.85 

1.7 

2.25 

1.85 

1.7 

2.3 

1.85 

1.7 

2.2 

1.85 

1.7 

2.2 

1.85 

1.7 

2.2 

1.85 

1.65 

2.2 

1.8 

1.65 

2.2 

1.8 

1.65 

2.2 

1.8 

1.65 

2.2 

1.8 

1.65 

2.1 

1.65  , 

Aug. 


1.65 

1.65 

1.65 

1.65 

1.6 

1.65 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.55 

1.55 

1.55 

1.55 

1.55 


Sept. 


1.55 
1.55 
1.55 
1.55 
1.65 
1.55 
1.65 
1.55 
1.66 
1.55 
1.65 
1.65 
1.55 
1.65 
1.65 
1.65 
1.65 
1.55 
1.56 
1.65 
1.55 
1.55 
1.55 
1.55 
1.55 
1.65 
1.65 
1.55 
1.55 
1.65 


Oct. 


1.65 

1.65 

1.55 

1.65 

1.65 

1.65 

1.6 

1.65 

1.55 

1.65 

1.55 

1.55 

1.55 

1.55 

1.65 

1.55 

1.65 

1.65 

1.65 

1.55 

1.65 

1.65 

1.55 

1.65 

1.65 

1.55 

1.65 

1.65 

1.55 

1.65 

1.5 
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Station  rating  table  for  MdCloud  River  near  Gregory  ^  Cal.,  from  September  23, 1902,  to  December 

31, 1905. 


he^. 

1 
Discharge. ' 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second^eet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.00 

1,090 

2.40 

2,042 

3.80 

3,860 

5.40 

7,170 

1.10 

1,132 

2.60 

2,140 

3.90 

4,030 

5.60 

7,630 

1.20 

1,178 

.2.60 

2,242 

4.00 

4,210 

5.80 

8,110 

1.30 

1,228 

2.70 

2,349 

4.10 

4,395 

6.00 

8,600 

1.40 

1,282 

2.80 

2,461 

4.20 

4,585 

6.20 

9,120 

1.60 

1,340 

2.90 

2,578 

4.30 

4,785 

6.40 

9,660 

i.eo 

1,402 

3.00 

2,700 

4.40 

4,990 

6.60 

10,190 

1.70 

1,468 

3.10 

2,825 

4.50 

5,200 

6.80 

10,740 

1.80 

1,538 

3.20 

2,955 

4.60 

5,410 

7.00 

11,300 

1.90 

1,612 

3.30 

3,090 

4.70 

5,625 

7.20 

11,870 

2.00 

1,600 

3.40 

3,230 

4.80 

5,840 

7.40 

12,450 

2.10 

1,772 

3.50 

3,380 

4.90 

6,060 

7.60 

13,040 

2.20 

1,858 

3.60 

3,535 

5.00 

6,280 

7.80 

13,640 

2.30 

1,948 

3.70 

3,695 

5.20 

6,720 

8.00 

- 

14,250 

Note.— The  above  table  Is'applicable  only  for  open-channel  conditions.  It  is  based  on  10  discharge 
measurements  made  during  1902-1905.  It  is  fairly  well  defined  between  gage  heights  1.5  feet  and  4.6  feet. 
The  table  has  been  extended  beyond  these  limits.    Above  8  feet  the  discharge  is  a  rough  approximation. 
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Estimated  monthly  discharge  cfMcChud  River  near  Oregory,  Cal.f  for  1902-1906. 
[Drainage,  006  square  miles.] 


Month. 


1902 
September  23  to  30. 

October 

November 

December 


1903 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


Discharge  in  second-feet. 


VftTiTniim.  Minimum.         Mean. 


The  year. 


1904 


January... 
February.. 

March 

April 

May 

June 

July 

August 

September, 

October 

November. 
December. . 


The  year 


1905 


January 

February . . 

March 

April 

May 

June 

July....... 

August 

September. 
Oclolwr. . , . 
November. 
Decern  IxT. . 


Thu  vnar. 


A 


1,340  ' 
2,140  I 
12,740 
6,060 


13,340 
2,578 

11,870 
6,060 
2,242 
1,690 
1,468 
1,352 
1,311 
1,435 

14,560 
2,263 


14,560 


2,042 
39,500 
41,000 
7,285 
4,490 
2,890 
1,858 
1,612 
1,815 
9,785 
2,140 
4,585 


41,000 


14,400 
6,945 

10,740 
3,230 
2,461 
1,858 
1,538 
1,435 
1,371 
1,402 
1,371 
1,402 


14,400 


1,282 
1,228 
1,282 
1,538 


1,538 
1,772 
2,042 
2,242 
1,612 
1,468 
1,340 
1,311 
1,282 
1,282 
1,282 
1,455 


1,333 
1,372 
2,799 
2,576 


Total  in 
acre-feet. 


21,150 
84,360 
166,600 
158,400 


2,847 
2,046 
3,723 
2,819 
1,913 
1,545 
1,373 
1,323 
1,305 
1,317 
3,475 
1,829 


175, 100 
113,600 
228,900 
167,700 
117,600 
91,930 
84,420 
81,350 
77,650 
80,980 
206,800 
112,500 


1,282  I  2,126  I     1,539,000 


1,503 
1,468 
3,380 
4,120 
3,090 
1,858 
1,612 
1,503 
1,468 
1,503 
1,503 
1,575 


1,468 


1,651 
2,042 
2,242 
2,191 
1,772 
1,538 
1,435 
1,371 
1,371 
1,340 
1,340 
1,371 


1,340 


1,652 
6,153 
9,310 
5,468 
3,756 
2,218 
1,746 
1,572 
1,512 
2,697 
1,640 
1,844 


3,297 


3,&54 
3,284 
4,062 
2,490 
2,112 
1,648 
1,491 
1,402 
1,371 
1,371 
1,352 
1,372 


2,151 


101,600 
353,900 
572,400 
325,400 
230,900 
132,000 
107,400 
96,660 
89,970 
165,800 
97,590 
113,400 


2.387,000 


237,000 
182,400 
249,800 
148,200 
129,900 
98,060 
91,680 
86,210 
81,580 
84,300 
80,450 
84,360 


Run-ofl. 


Second-feet     j^^ 


1,554,000 


2.19 

a&M 

2.36 

161 

4.60 

5.13 

.  4.24 

4.89 

4.68 
3.37 
6.12 
4.64 
3.15 
2.54 
2.26 
2.18 
2.15 
2.17 
5.72 
3.01 


2.72 
10.12 
15.31 
8.99 
6.18 
3.65 
2.87 
2.50 
2.49 
4.44 
2.70 
3.03 


5.42 


6.34 
5.40 
6.68 
4.10 
3.47 
2.71 
2.45 
2.31 
2.25 
2.25 
2.22 
2.26 


3.54 
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HI80BLLAHX01T8  MSASVKEMEVTB  IV  FIT  BIVER  D&AIHAOB  BASDr. 

The  foUowiug  miscellaneous  measurements  were  made  in  the  Pit  River  drainage  basin 
during  1905: 

Cottonwood  Creek,  near  Lakeview,  Oreg. — ^This  stream  is  tributary  to  Goose  Lake.  A 
roeasureraent  was  made  June  28, 1905,  by  S.  G.  Bennett  and  J.  Y.  Toler,  one-half  mile  below 
Wilshire's  sawmill  and  10  miles  above  Lakevi^w,  Greg. 

Width,  12.7  feet;  area,  4.7  square  feet;  mean  velocity,  1.55  feet  per  second;  dischaiige,  7.3 
second-feet. 

Corporation  ditch  f  near  LikdyyCal. — This  ditch  diverts  water  from  the  South  Fork  of  Pit 
River  above  likely,  Cal.  The  following  measurements  were  made  below  head-gate,  2 
miles  east  of  Likely,  Cal. : 

June  7:  Width,  5.7  feet;  area,  16.3  square  feet;  mean  velocity,  1.42  feet  per  second;  dis- 
charge, 23  second-feet. 

June  20:  Widtii,  5.6  feet;  area,  16.6  square  feet;  mean  velocity,  1.41  feet  per  second;  dis- 
charge, 24  second-feet. 

September  6:  Width,  7.0  feet;  area,  19.9  square  feet;  mean  velocity,  1.46  feet  per  second; 
dischaige,  29  seoond-feet. 

Ihike's  ditchy  near  Likely^  Cal. — This  ditch  diverts  water  from  the  South  Fork  of  Pit 
River.  The  following  measurements  were  made  in  flume,  400  yards  below  head-gate,  by 
John  Y.  Toler: 

June  7:  Width,  3  feet;  area,  2.88  square  feet;  mean  velocity,  4.83  feet  per  second;  dis- 
charge, 13.9  second-feet. 

June  20:  Width,  3  feet;  area,  2.3  square  feet;  mean  velocity,  4.25  feet  per  second;  dis- 
charge, 9.8  second-feet. 

Fitz  Hugh  Creek,  near  Atturas,  Cal. — This  creek  is  tributary  to  Pit  River.  The  following 
measurements  were  made  at  Doten's  ranch,  10  miles  south  of  Alturas,  by  John  Y.  Toler: 

July  2:  Width,  8.5  feet;  area,  2.8  square  feet;  mean  velocity,  0.64  foot  per  second;  dis- 
chaigej  1.8  second-feet. 

July  25:  Width,  8.4  feet;  area,  2.7  square  feet;  mean  velocity,  0.52  foot  per  second;  dis- 
chaige,  1.4  second-feet. 

September  7:  Width,  7.0  feet;  area,  2.8  square  feet;  mean  velocity,  0.64  foot  per  second; 
discharge,  1.8  second-feet.  •» 

September  16:  Width,  8  feet;  area,  3.6  square  feet;  mean  velocity,  0.78  foot  per  second; 
dischaige,  2.8  second-feet. 

Gonstad^s  ditch,  near  Likely,  Cal. — This  ditch  diverts  water  from  the  South  Fork  of  the 
Pit  River.  The  following  measurements  were  made  at  head-gate,  2  miles  east  of  Likely, 
CaL,  by  John  Y.  Toler:  .    -    . 

June  8:  Width,  6.6  feet;  area,  10.5  square  feet;  mean  velocity,  0.66  foot  per  second;  dis- 
charge, 6.9  second-feet. 

July  2:  Width,  6.6  feet;  area^  10.5  square  feet;  mean  velocity,  0.83  foot- per  se<?ond;  dis- 
charge, 8.7  second-feet.  .- 

Gooch's  ditch,  near  Lookout,  Cal. — ^This  ditch  diverts  water  from  Pit  River.  A  measure- 
ment was  made  250  yards  above  bridge  at  Lookout  on  June  13  by  John  Y.  Toler. 

Width,  14.5  feet;  area,  25  square  feet;  mean  velocity,  0.48  foot  per  second;  discbarge,  12 
second-feet. 

K.  Lauer  and  Son* 8  ditch  near  Alturas,  Cal. — ^This  ditch  diverts  water  from  Pit  River 
above  the  town  of  Alturas,  Cal.  A  measurement  was  mode  in  flume  at  XL  ranch,  9  miles 
FHMth  of  the  town  of  Alturas,  Cal.,  on  May  23,  by  Jno.  Y.  Toler. 

Width,  4.1  feet;  area,  0.89  square  foot;  mean  velocity,  1.60  feet  per  second;  discharge. 
1.42  second-feet. 

Pine  Creek  near  Jltwras,  Cal. — ^This  stream  is  a  tributary  of  South  Fork  of  Pit  River. 
The  following  measurements  were  made  in  flume  100  feet  below  Gibbins  &  Mulkey*s  power 
house,  7  miles  east  of  the  town  of  Alturas,  Cal. 
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August  11:  Width,  2.2  feet;  area,  2.8  square  feet;  mean  velocity,  4.43  feet  per  second; 
dischaige,  12.4  second-feet. 

August  22:  Width,  2.15  feet;  area,  2.6  square  feet;  mean  velocity,  4.35  feet  per  second; 
discharge,  11.3  second-feet. 

October  1:  Width,  2.3  feet;  area,  3.1  square  feet;  mean  velocity,  3.04  feet  per  second; 
dischaige,  12.2  second-feet. 

Pit  Rii^er  at  LookotUt  Od. — ^The  following  measurements  were  made  during  1905  at  bridge 
on  county  road  east  of  town  of  Lodcout,  Cal. 

June  13:  Width,  87  feet;  area,  217  square  feet;  mean  velocity,  0.71  foot  per  second;  di»- 
charge,  155  second-feet. 

July  7:  Width,  67  feet;  area,  112  square  feet;  mean  velocity,  0.51  foot  per  second;  dis- 
charge, 57  second-feet. 

July  20:  Width,  40  feet;  area,  71  square  feet;  mean  velocity,  0.41  foot  per  second;  dis- 
charge, 29  second-feet. 

August  19:  Width,  8  feet;  area,  4.8  square  feet;  mean  velocity,  2.06  feet  per  second;  db- 
chaige,  9.9  second-feet. 

Rush  Creek  near  Adin,  Cal. — ^This  stream  is  a  tributary  to  Ash  Cre^.  Va.e  following 
measurements  were  made  in  canyon  above  upper  end  of  Round  Valley  north  of  the  town  of 
Alturas,  Cal. 

July  18:  Width,  13  feet;  area,  9.7  square  feet;  mean  velocity,  0.56  foot  per  second;  d»- 
charge,  5.6  second-feet. 

September  22:  Width,  9  feet;  area,  5.0  square  feet;  mean  velocity,  1.16  feet  per  second; 
discharge,  5.8  second-feet. 

Von  Loam* 8  ditch  near  Likely ^  Cal. — ^This  ditch  diverts  water  from  the  South  Fork  of  Pit 
River.  The  following  measurements  were  made  below  head-gate,  2  miles  east  of  the  town 
of  likely,  Cal. 

June  8:  Width,  7.8  feet;  area,  16.9  square  feet;  mean  velocity,  2.09  feet  per  second;  dis- 
charge, 35  second-feet. 

June  20:  Width,  8.5  feet;  area,  14.9  square  feet;  mean  velocity,  1.68  feet  per  second;  dis- 
charge, 25  second-feet. 

WiHaw  Creek  near  Adin,  Cal, — This  stream  is  tributary  to  Ash  Creek.  TTie  foUowing 
measurements  were  made  at  bridge  on  county  road,  5  miles  south  of  the  town  of  Adin,  Cal. 

July  19:  Width,  8  feet;  area,  5.2  square  feet;  mean  velocity,  1.09  feet  per  second;  dis- 
chaige, 5.7  second-feet. 

September  21:  Width,  8  feet;  area,  4.4  square  feet;  mean  velocity,  1.00  foot  per  second; 
dischaige,  4.4  second-feet. 

STONY  CREEK  DRAINAGE  BASIN. 

DESORIPTIOK  OF  BASOr. 

.  Stony  Creek  drains  a  portion  of  the  Coast  Range  and  flowing  in  a  northerly  direction  dis- 
chai^s  its  waters  into  the  Sacramento  River  near  Orland,  Cal.  It  has  numerous  tributa- 
ries, all  of  which  are  torrential  in  their  character.  The  formation  on  the  higher  elevations 
is  of  granite  with  good  soil  covering  and  is  heavily  timbered.  In  the  lower  portion  of  tbe 
drainage  basin  the  formation  is  shale,  sandstone,  and  conglomerate,  with  heavy  growth  of 
brush  and  grass.  This  portion  of  the  basin  is  used  extensively  for  pasturage,  the  soil  being 
heavy,  it  packs  readily,  producing  a  large  per  cent  of  run-off.  The  mean  average  rainfall  on 
the  higher  elevation  is  about  40  inches ;  while  on  the  lower  reaches  it  is  20  inches.  The  pre- 
cipitation is  almost  wholly  in  the  form  of  rain,  with  some  snow  on  the  upper  reaches  which 
soon  melts  and  only  adds  to  the  flood  discharge. 

The  gaging  station  on  this  stream  is  located  near  the  point  where  it  emerges  from  the  footr 
hills  and  enters  the  Sacramento  Valley. 
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8T0VY  CRSSX  HEAR  FKUTO,  OAL. 

lliis  station  was  established  on  January  30,  1901,  by  Burt  Cole.  It  is  located  at  Julian's 
ranch,  7  miles  northwest  of  Fruto,  and  IJ  miles  above  the  proposed  mill-site  dam. 

The  channel  is  straight  for  200  feet  above  and  below  the  cable.  The  current  is  very 
swift  at  high  water  and  sluggish  at  low  water.  Neither  bank  is  subject  to  overflow,  but  at 
high  stages  of  the  creek  the  water  spreads  to  the  right  for  several  hundred  feet.  The  bed  of 
the  stream  is  of  gravel  and  is  subject  to  some  change. 

Discharge  measurements  are  made  from  a  car  and  cable.  Ttie  initial  point  for  soundings 
is  the  eyeholt  on  the  left  bank  to  which  the  cable  is  attached. 

The  gage  is  in  two  sections.  During  1005  the  gage  was  read  twice  each  day  by  W.  H. 
Julian.  The  bench  mark  is  the  head  of  an  iron  bolt  set  in  the  rock  near  the  upper  gage; 
elevation,  14.00  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  81,  85, 
100,  and  134  of  the  United  States  Geological  Survey. 

Dvtcharge  measurements  of  Stony  Creek  near  Fruto  ^  Col.,  in  1905. 


Date       1  Hydn-grapher.  ,  WidthJ  ^^S'  '  vefcXy.  i  h?lX  '  ch^al-'lie. 


I                                                                I  Feet.  Sq.ft.    ^Ft.persec.\  Feet.     '   8ec.-ft. 

February  16... I  O.  W.  Peterson 130  |  204             3.35;  5.13  |         684 

June23 j do j  110  84  I           1.52  3.90            128 

.^uga8t4 Peterson  and  Lee 32  23  I           1.22  3.30  ' 

Septembers...!  C.  H.  Lee 33  32               .51  '  3.22 

September  14..    W.B.Clapp ,  33  17               .83'  3.20 


October 4.. c...    Lee  and  Hawley 1         24  '  23  ,  .76  3.24 

iKR  r 


28 
16.3 
14.1 
17.6 
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Daily  gage  height,  in  feet,  of  Stony  Creek  near  Fntto,  Cal.,  for  1905. 


Day. 

Jan.      Feb. 

Mar.  1 

Apr.  1  May 

• 

June. 

July. 

Aug. 

1  Sept.  1  Oct.  j  Nov. 

Dec. 

1 

7.0  '  10.0 

6.8  8.76 

6.6  '    7.35 
6.3    j    6.7 
6.2        6.2 

6.1  6.0 
5.0        5.8 

4.9  5.6 
4.9        5.5 
4.8    '    5.4 
4.8    ,    5.4 
4.8        5.3 

4.7  5.3 
9.5        6.2 
7.75  ;    5.2 

1 
5.2    1 
5.2    1 
5.1     ' 
5.1     , 

5.0  ; 

5.0    1 
5.0    1 
4.9    1 
4.9    1 

4.9; 
4.8    , 
6.4 
8.25  ' 
7.75 

8.5 : 

6.1       4.7          4.6 
6.0  !    5.0    j      4.5 
6.0  !    5.0          4.5 
5.9  '    5.0          4.6 
5.9       4.9.         4.5 
5.8       4.8    1      4.5 
5.8  I    6.3          4.4 
5.7  i    5.75         4.4 
5.6  '    5.5    ^      4.3 
5.5       5.6          4.3 
5.4  1    5.4    '      4.2 
5.3       5.4          4.2 

3.7        3.2 
3.6  1      3.2 
3.6        3.2 
3.6        3.2 
3.6        3.2 
3.5        3.2 
3.5        3.2 
3.5        3.2 
3.5        3.2 
3.5        3.2 
3.5        3.2 
3.4         3.2 

1             1 

3.1  3.2        3-3 

!        3.1    1        3.2  .       3.3   ; 

'      3.2  1      3.2        3.3 
1      3.2  j      3.2  1     3.3 
1      3.2        3.2.     3.3 
1      3.2  '      3.2  1     3.3 
!    '3.2  1      3.2  1     3.3 
1      3.2  1      3.2       3.3 
!      3.2        3.2  '     3.3 
1      3.2        3.2        3.3 
i      3.2  '      3.2  '     3.3  ; 
1      3.2  !      3.2  j      3.3 
1      3.2  1      3.2        3.3 
1      3.2         3.2  1      3.3 

3.2  3.2  j      3.3 

3.6 

2 

,16 

3 

3,6 

4 

3.6 

5 

,16 

6 

X(, 

7 

X6 

8 

ae 

9 

,16 

10          

16 

11 

X6 

12 

16 

13 

5.3  '    5.3          4.2  1      3.4        3.2 
5.2  1    5.3     I      4. 1  ,      3.4  ,       3.2 

3.6 

14 

.1.: 

15.... 

5.2       6.2 

4.1 

3.4  1      3.2 

3..' 

16.... 

8.5    \    5.1 

8.5    1 

5.3  1    5.2 

4.1 

3.3  ,      3.2 

1      3.2        3.2  1      3.3 

3.6 

17.... 

7.8    '    5.5 

7.7 

5.3       6.1 

4.1 

3.3  1      3.2 

3.2  '      3.2 

3-3 

3.6 

18. . . . 

7.7    1    5.8 

7.15 

5.3      5.0 

4.1 

3.3        3.2 

3.2         3.2 

3.3 

lu 

19.... 

7.4    t    5-7 

9.25 

6.2  j    4.9 

4.0 

3.3  1      3.2 

3.2  !      3.2 

3.3 

3.6 

20.... 

6.8    1    6.0 

8.25 

5.2  1    -^9 

4.0 

3.3        3.1 

.      3.2 

3.2 

3.3  1 

3.6 

21.... 

6.8    i    5.8 

7.3 

5.0  !    4.8 

4.0 

3.3  '      3.1 

3.2 

3.2 

3.3  1 

3.6 

22.... 

9.75  '    5.6 

6.75 

5.0       4.8 

3.9 

3.3  1      3.1 

1      3.2 

3.2 

3.3, 

3.6 

23.... 

9.25  1    5.5 

6.55  ' 

5.0  1     :.7    1      3.9 

3.3 

3.1 

3.2 

3.2 

3.3 

16 

24. . . . 

9.5         5.4 

7.25  , 

4.9  1    4.7    1      3.9 

3.3 

3.1 

'      3.2 

3.3 

3.3 

16 

25.... 

7.7    ;    5.4 

G.0I 

4  C       4.6    1      3.8 

3.3 

3.1 

3.2  j      3.3 

3-4 

16 

26.... 



6.9    1    5.3 

6.5'; 

4.9  '     4  C    1      3.8 

3.3 

3.1 

3.2  1      3.3 

3.4 

16 

27. . . . 

6.45       5.3 

6.3    ! 

^..8       5.25  '      3.8 

3.3 

3.1 

1      3.2 

3.3 

3.4 

IS 

28.... 

6.3        5.2 

6.1     1 

4.8  *    4.8    '      3.7 

3.3 

3.1 

3.2 

3.3 

3.4 

1^ 

29 

6. 1     

7.a5 1 
6.5  : 

4.8       4.8    1      3.7 
4.7       4.7    !      3.7 

3.3 
3.2 

3.1 
3.1 

3.2 

1      3.2 

3.3 
3.3 

3.6 
3.6 

I'i 

30.... 

6.0    1 

IS 

31.   . 

n  rating  t 

6. 0     

6.15  1 
1 

,    ''^    1 

3.2 

3.1 

1 

3.3 



IS 

1 

1 

Statio 

able  for  Ston\ 

/  Creek 

near  Frvio,  Cai.,  from  J 

anuar 
large. 

y  1  to  December  Jl, 
Feet.      Second-feet. 

1905. 

Gage 
heignt. 

Feet. 

Discharge. 

'  \ 

Gage 
leight. 

Feet. 

Discharge. 

1     Gago 
height. 

Disci 

Second-feet  ^^ 

Second-fcct. 

Feet. 

Secoful-feet. 

3.10 

10 

1 

4.50 

350    1        5.90    i          1,310 

7.60    1         3.150 

3.20    ^ 

14 

, 

4.60 

400    1         fi.OO    1          1,400 

7.80 

3,410 

•  3.30    1 

23 

1 

4.70 

450             0.10    1          1,490 

8.00 

3,690 

3.40    I 

34 

1 

4.80 

500              6.20     1           1,580 

8.20 

3,980 

3.50    1 

47 

1 

4.90 

.^<fiO     1         r>.30     1           1,680 

8.40 

4,280 

3.60 

62 

1 
1 

5.00 

Cv2i'             6. 40 

1,780 

8.60 

4.600 

3.70    1 

80 

5.10 

6H5             6.50 

1,880 

8.80 

4,930 

3.80 

100 

1 

5.20 

765             6.6C 

1.980 

9.00 

6,270 

3.90 

120 

1 

5.30 

83C 

i       6.70 

2.090 

9.20 

6,630 

4.00    ! 

150 

5.40 

905 

6.80 

2,200 

9.40 

6,000 

4.10 

180 

5.50 

980 

6.90 

2,310 

9.60 

6,400 

4.'» 

210 

5.60 

1,060 

7.00 

2,420 

9.80 

6>800 

4.3(>    , 

250 

5  70 

1,140 

1        7.20 

•2,660 

10.00 

7,280 

4.40    , 

300 

1 

5.80 

1,2?0 

1 

7.40 

2,900 

Note.— The  above  table  is  based  on  22  discharge  meaaurenients  made  during  190^1905  and  IS 
fairly  well  defined  throughout.    Abore  9-7  feet  the  Uble  is  the  same  as  for  1904. 
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Estimated  monthly  discharge  of  Stony  Creole  near  Fruto,  Cal.,  for  1905. 
[Drainage  area,  760  square  miles.] 


Month. 


Discharge  in  second-feet. 


Total  in 


Maximum.,  Minimum.  ,      Mean.        acre-^«»t. 


Run-off. 
Second-feet      n««#K 


January 

febmaiy 

March 

April 

May 

June 

July 

August 

September 

October 

NoTcmber 

December 

The  year. 


6,700 

7,280 

5,720 

1,490 

1,680 

400 

SO 

14 

14 

23 

62 

100 


685 

500 

450 

400 

80 

14 

10 

10 

14 

23 

62 


2,420 
1,471 
2,050 
870 
675 
206 
36.5 
12.4 
13.7 
16.3 
27.1 
68.1 


148,800 

81,700 

126,000 

51,770 

41,500 

12,260 

2,244 

762 

815 

1,002 

1,613 

4,187 


7,280 


656 


472, 700 


3.18 

1.94 

2.70 

1.14 
.888 
.271 
.048 
.016 
.018 
.021  I 
.036 
.090  ! 

.862  i 


3.67 
2.02 
3.11 
1.27 
1.02 
.302 
.055 
.018 
.020 
.024 
.040 
.104 


.62 


FEATHER  RrV'ER  DRAIXAGE  BASIN. 

DE80RIPTI0K  07  BASDf . 

Feather  River  drains  a  portion  of  the  western  slop**  of  the  Sierra  Nevada  extending 
east  nearly  to  the  Nevada  State  line,  a  distance  of  about  75  miles  and  north  and  south 
for  a  distance  of  from  30  to  40  miles. 

The  greater  portion  of  the  watershed  is  rough  and  mountainous  and  has  numerous 
tributaries  which  drain  the  slopes  of  the  higher  mountains.  The  formation  in  the  southern 
and  eastern  part  of  the  basin  is  of  granitt%  with  a  comparatively  deep  soil  co\ering.  There 
is  !iLw  a  considerable  area  c4>mposed  of  lava  and  other  volcanic  matter  in  the  northern 
part  of  the  basin.  Numerous  meadows  and  valleys  also  exist,  which  tend  to  maintain  a 
steady  flow  during  the  dry  season.  The  soil  is  genenilly  porous  and  al)sorb8  the  moisture, 
readily.  The  entire  watershed  is  well  covered  with  a  gniwth  of  brush  and  timber,  much 
of  which  is  large  enough  to  make  lumbering  a  profitable  industry,  with  the  exception  of 
the  meadow  lands  and  valleys,  which  are  used  for  stock  rangas  and  grazing  lands.  There 
are  numerous  large  springs,  especially  in  the  lava  districts,  which  supply  a  more  or  less 
steady  flow  throughout  the  year.  These  are  especially  noticeable  on  North  Fork,  where 
there  are  perennial  springs  discharging  from  50  to  100  second-feet.  There  is  little  artificial 
storage  in  the  drainage  arcA,  and  the  water  used  for  irrigation  in  the  valleys  is  taken  from 
the  natural  flow  of  the  streams. 

The  mean  annual  precipitation  is  probably  from  40  to  GO  inches  and  is  well  distributed 
over  the  area.  It  falls  largely  in  the  form  of  snow,  but  disappears  in  the  early  part  of 
the  summer. 

FEATHEB  RIVER  AT  OROVULE,  OAL. 

This  station  was  established  January  1,  1902,  by  S.  G.  Bennett.  It  is  located  at  the 
northeast  edge  of  the  town  of  Oroville,  Cal.,  where  Feather  River  breaks  from  the  foothills 
on  the  western  slope  of  the  Sierra  Nevada  into  Sacramento  Valley.  The  drainage  an>a  is 
3,640  square  miles. 

The  current  at  the  station  is  sluggish  at  low  water  and  swift  at  high  water.  The  channel 
is  roughs  rocky,  and  not  subject  to  much  change. 
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Dischaiige  measurements  at  low  and  ordinary  stages  were  made  by  means  of  a  cable  and 
boat  500  feet  above  the  wagon  bridge.  High-water  measurements  were  made  by  raeaa*?  of 
floats.  In  February,  1905,  a  cable  with  car  was  placed  about  1,000  feet  above  the  bridge. 
The  cable  has  a  span  of  about  400  feet.  The  initial  point  of  soimdings  is  the  eyebolt  on  the 
left  bank. 

The  original  gage  was  previously  placed  by  the  United  States  Weather  Bureau  and  used 
by  them  for  a  number  of  years.  Readings  were  taken  on  this  rod  and  reported  by  the 
Weather  Bureau  when  there  was  danger  of  an  overflow  on  the  lower  Feather  and  Sftrn- 
mento  rivers.  On  August  11,  1904,  a  new  gage  rod  was  put  in.  The  zero  of  this  rod  was 
placed  2  feet  lower  than  that  of  the  old  Weather  Bureau  rod  to  avoid  negative  readings  at 
low  stages  of  the  river.  This  rod  is  placed  at  the  wagon  bridge  on  the  left  bank  of  the 
stream  and  is  in  four  sections.  'Hiree  of  the  lower  sections  are  bolted  to  rock,  and  the 
fourth  section,  for  registering  the  flood  stages,  b  nailed  to  the  bridge  pier.  In  December, 
1905,  a  staff  gage  was  placed  at  the  station  50  feet  below  the  cable  on  the  left  bank.  Dur- 
ing 1905  the  gage  was  read  by  D.  G.  Page,  readings  being  taken  from  the  gage  at  the  bridge. 
The  bench  marks  are  as  follows:  (1)  A  point  on  rock  marked  with  white  paint,  one-half  the 
distance  from  the  low-water  gage  to  the  high-water  gage  on  the  bridge  pier;  elevation,  12.25 
feet.  (2)  A  point  on  rock  marked  with  white  paint,  35  feet  southwest  of  low-water  gage; 
elevation,  14.86  feet.  (3)  A  circle  of  white  paint  on  the  point  of  a  rock  15  feet  upstream 
from  the  70-foot  mark  on  the  cable;  elevation,  5.05  feet.  (4)  A  point  on  rock  marked 
with  white  paint,  4  feet  downstream  from  15-foot  mark  on  cable;  elevation,  27.16  fc^t. 
The  elevations  of  bench  marks  Nos.  1  and  2  refer  to  the  datum  of  the  gage  at  the  bridge:  ele- 
vations of  bench  marks  Nos.  3  and  4  refer  to  the  datum  of  the  gage  established  in  December, 
1905. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  81,  85, 
100,  and  134  of  the  United  States  Geological  Survey. 

Discharge  metumrrmerUs  of  Feather  River  at  OrotiUef  Cal.,  in  1905. 


Date. 


Hydrographer. 


February  11 . . .    O.  W.  Peterson . . . 

February  18. do , 

May  16 !  W.  B.  Clapp 

June  26 O  .W.  Peterson . . . 

Augunt  1 Peterson  and  Lee . 

September  2 . . .   C.  H.  Lee , 

October  7 [  Hawley  and  Lee. . 

Noveml)er  17 . . .  R.  S.  Hawley 


I 


j  Width. 

I 

I  Fret. 
281 
279 
281 
273 
270 
268 
272 
270 


.\rea  of 
secrion. 


Sq./L 
3,424 
3,320 
3,728 
2,419 
2,078 
2,005 
2,013 
1,969 


Mean      | 
velocity. 

Ft.  per  sec. 

2.22 

2.08  ' 

2.28  I 

1.13  I 

.72 

.62  I 

.60  I 

.62  i 


Ga^ 
heie 


It.  I 


Dis- 
charge. 


eet. 

Sec.-ft. 

6.45 

7,618 

6.10  ; 

6,911 

6.65  j 

8,509 

2.75  , 

2,744 

1.28 

1,«5 

.86 

1,242 

.90 

1.210 

.92 

1,213 

I 
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Day. 

Jan.  1 

1 

Feb. 

Mar.| 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

10.0    1 

9.5 

6.0 

8.3 

7.15 

5.4 

2.1 

1.3 

0.95  ' 

1.0 

1.0 

1.4 

2 

8.3 

11.3 

6.9 

8.05 

7.05 

5.25 

2.1 

1.25 

.9 

1.0 

1.0 

1.35 

3 

...      7.4 

10.25 
9.05 

6.95 
7.5 

8.15 

ai 

6.95 
6.85 

5.2    1 
5.2 

2.1 
2.05 

1.25 
1.2 

.9    . 
.9 

.95 
.95 

1.0 
1.0 

1.2 

4 

'    6.&'» 

1.15 

5 

1    5.8 

8.9 

7.75 

8.05 

6.75 

5.15 

2.0 

1.15 

.9 

.95 

.95 

1.1 

6 

,    5.5 

8.95 

7.4    1 

8.0 

6.55 

5.0 

2.0 

1.15 

.95 

1.0 

.96 

1.0 

7 

'    5.5 

7.85 

7.0 

8.0 

6.45 

4.95 

1.95 

1.15 

.95 

1.0 

.95 

1.0 

8 

1    5.1 

7.4 
6.95 

6.8 
6.75 

8.05 
8.0 

6.35 
6.25 

4.05 
4.9 

1.9 
1.9 

1.1 
1.1 

1.0 
1.0 

1.0 
1.1 

.95 
.9 

.95 

9 

4.5    1 

.95 

10 

1     ^2    ' 

6.7 

6.6 

7.9 

0.15 

4.8 

1.85 

1.05 

1.0 

1.05 

,9 

.95 

U 

3.4 

6.5 

6.7 

7.8 

6.1 

4.7    1 

1.8 

1.05 

1.0 

1.05 

.86 

.95 

12 

3.3 

6.25 

7.85 

7.7 

6.0 

4.6 

1.8 

1.05 

.95, 

1.0 

.85 

1.0 

13 

'    3.2 

5.9 

10.25 

7.5 

5.85 

4.45  1 

1.75 

1.05 

.95! 

1.0 

.85 

1.0 

14 

10.15 

5.6 

9.95 

7.5 

5.9 

^•^    1 

1.75 

1.0 

•^    1 

.95 

.85 

1.1 

15 

10.25 

5.4 

9.45 

7.5 

6.15 

4.1     1 

1.7 

1.0 

.9    1 

.95 

.9 

1.2 

16 

7.65 

5.4 

8.8 

7.4 

6.45 

3.9 

1.7 

1.0 

.9 

.95 

.9 

1.15 

17 

'    5.6 

6.35 
6.35 

8.4 
8.9 

7.4 
7.45 

6.6 
6.5 

3.8    ! 
3.7    1 

1.65 
1.65 

i.a5 

1.05 

.85 
.85  ' 

.95 
.95 

:: 

«1.15 

18 

5.5 

a  1. 15 

19 

7.4 

6.1 

12.5 

7.55 

6.45 

3.6    1 

1.6 

1.05 

.85  1 

1.0 

.9 

«1.15 

20 

.   .       6.65 

7.8 
8.25 

11.35 
11.35 

7.35 
6.a5 

6.4 
6.4 

3.45 
3.2    , 

1.6 
1.6 

1.1 
1.1 

::i 

1.0 
1.0 

1.0 
1.4 

01.15 

21 

7.35 

«1.1 

22 

11.8 

7.75 

10.  a5 

6.7 

6.3 

3.15 

1.55 

1.1 

.9 

1.0 

1.3 

01.1 

23 

11.95 

7.4 

10.8 

6.8 

6.3 

3.05  1 

1.5 

1.2 

.95 

1.0 

1.3 

a  1.1 

24 

10.5 

7.3 

10.7 

6.95 

6.3 

3.0 

1.5 

1.2 

.95 

1.0 

1.25 

1.1 

25 

9.8 

7.2 

9.95 

7.15 

6.25 

2.9    1 

1.5 

1.1 

.9 

.95 

1.2 

1.15 

26 

8.65 

7.1 

9.3 

7.3 

6.2 

2.8 

1.45 

1.0 

.9 

.95 

1.2 

1.15 

27 

7.9 

7.1 

9.05 

7.45 

2.6 

1.45 

1.0 

.9 

.95 

1.1 

1.2 

28 

7.45 

7.0 

9.5 

7.5 

6.0 

2.5 

1.4 

1.0 

1.7 

.95 

1.1 

1.2 

29 

7.1 



10.65 

7.4 

5.95 

2.4 

1.4 

.95 

1.3 

1.0 

1.3 

1.3 

30 

6.85 





10.05 
8.95 

7.3 



5.85 
1    5.65 

2.3    1 

1.35 
1.35 

1.0 
1.0 

1.0 


1.0 
1.0 

1.4 

1  35 

31 

j    6.75 

01.35 

aEstin 

lated. 
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Station  rating  table  for  Feather  Rixrr  at  OrovUte,  Cat.  y  from  January  t  to  December  31,  /^ 


Gai 


t. 

Feet. 
0.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 


Discharge. 

Second-feet. 
1,230 
1,295 
l,3dC 
1,430 
1,500 
1,570 
1,640 
1,710 
1,780 
1,850 
1,025 
2,000 
2,075 
2, 155 
2,235 
2,315 
2,400 
2,490 


Gaee 
height. 

Feet. 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 


Discbarge. 

Second-feet. 
2,590 
2,690 
2,790 
2,900 
3,010 
3,120 
3,230 
3,340 
3,450 
3,570 
3,690    ! 
3,810 
3,930    I 
4,050    I 
4,180 
4,310    , 
4,440    : 


Gage 
height. 

Feet. 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.20 
.5.40 
5.60 
.'i.SO 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 


j  Discharge. 

I 
Second-feet. 

I         4,570 

I         4,700 

4,830 

4,960 

5,090 

5,220 

;  5,350 

5,630 

5,910 

i  6,190 

'         6,470 

j  6,750 

'  7,050 

7,350 

7,660 

7,980 

8,300 


Gage 
height. 

Feet. 
7.20 
7.40 
7.60 
7.80 
8.00 
8.-20 
8.40 
8.60 
8.80 
9.00 
9.50 
10.00 
10.50 
11.00 
11.50 
12.00 
12.50 


I  Discharge. , 

Second-feet.^ 
8,640 
9,000    ! 
9.400    ' 
9.800 
10,260    I 
10,740 
11,260    j 
11,780    ' 
12,340 
12,900    ! 
14,400 
16,150 
18,100 
20.100 
22,500    . 
25,100 
28.100 


I 


Note.  -The  al>ove  table  is 
defined  between  gage  heights 
for  1904. 


based  on  21  discharge  raeaaurements  made  during  1904- '>.    It 
0.S.5  foot  and  8  feet.    Above  gage  height  3.5  feet  the  table  is  the 


is  wcH 
aa 


Estimated  rnxmtfdy  discharge  of  Feather  Ritier  at  OroviUe^  Cal.ffor  1906. 
[Drainage  area,  3,640  o  square  miles.] 


Month. 


January- . . . 
Febniarj- . . 

Maivh 

April 

May 

June 

July 

August 

September. 

October 

November. 
December . , 


The  year. 


Discharge  in  second-feet.           , 

Maximum.    Minimum,  j     Mean,     i 

i 

Total  in 
acre- feet. 

Run-o 

Second-feet 
per^sguare 

24,800 

3,120 

9,860 

606,300 

2.71 

21,500 

5,910 

9,612 

533,800 

2.eM 

28,100 

7,660 

13,500 

833,800 

3.72 

I          11,000  ' 

7,820 

9,403 

550,500 

2.58    1 

1           8,550  1 

6,260 

7,254  1 

446,000 

1.99 

5,910  1 

2,235 

4,098  1 

243,800 

1.13    i 

2,075 

1,53.5 

1.790  1 

110, 100 

.492 

1,500 

1,262 

1,354 

83,250 

.372 

1,780 

1,200 

1,273  ' 

75,750 

.350 

1,360  1 

1,262 

1,286  1 

79,070 

.353' 

1,670  1 

1,200 

1,321  1 

78,610 

.363^ 

1,570  1 

1,262 

1,385  1 

85,160 

.380 

28,100, 

1,200 

5,183  1 

3,735,000 

1.42 

Depth 
in  inches. 

3.12 
2.75 
4.29 
2.88 
2.29 
1.26 
.567 
.429 


.407 
.405 
.438 

19.23 


a  lieviaod  since  previons  reports. 
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■I80ELLAVE0TT8  MEASVREimrTB  Df  FEATHER  RIVEB  DRAIHAOE  BASIV. 

The  following  miscellaneous  measurements  were  made  in  the  Feather  River  drainage 
basin  during  1905: 

Mohawk  Creek  near  New  Mohawk^  Cal. — A  measurement  was  made  on  this  stream  on 
September  10,  1905,  just  above  its  junction  with  Middle  Fork  of  Feather  River  bj  H.  A. 
C^ampbell. 

Width,  12.9  feet;  area,  16.9  square  feet;  mean  velocity,  1.18  feet  per  second;  dischaige, 
20  second-feet. 

Middle  Fork  of  Feather  River  al  Mohawk  Valley^  Cal, — A  measurement  was  made  just 
above  mouth  of  Mohawk  CYoek  on  September  10, 1905,  by  H.  A.  Campbell. 

Width,  10.0  feet;  area,  8.8  square  feet;  mean  velocity,  0.17  foot  per  second;  dischaige, 
1.5  second-feet. 

Feather  Rii^er  at  F*raUnlle,  Cal. — A  measurement  of  this  stream  was  made  November 
25  at  lower  end  of  Big  Meadows,  4  miles  southeast  of  Prattville,  Cal. 

Width,  61  feet:  area,  320  square  feet;  mean  velocity,  1.88  feet  per  second;  dischaige, 
601  second-feet. 

Grizzly  Creek  near  Bechmthf  Cal.  —This  stream  is  tributary  to  Middle  Fork  of  Feather 
River.  A  measurement  was  made  December  17  one-half  mile  above  its  junction  with 
Middle  Fork  and  about  2i  miles  west  of  the  town  of  Beckwith,  Cal. 

Width,  4  feet;  area,  1.8  square  feet;  mean  velocity,  1.72  feet  per  second;  discharge, 
3.1  second-feet. 

Indian  Creek  near  Crescent  MtUSy  Cal. — This  stream  is  tributary  to  North  Fork  of  Feather 
River.  A  measurement  was  made  December  14  at  lower  end  of  Indian  Valley,  one-half 
mile  bek)W  highway  bridge  on  Crescent  Mill  and  Taylorsville  road,  about  IJ  miles  below 
the  town  of  CVescent  Mills. 

Width,  45  feet;  area,  66  square  feet;  mean  velocity  1.15  feet  per  second;  discharge, 
76  aecond-feet. 

YUBA  RIV^ER  DRAINAGE  BASIN. 

DE8GRIPTI0N  OF  BABIV. 

Yuba  River  is  a  tributary  of  Feather  River,  which  it  enters  at  Marysville,  30  miles  above 
the  junction  of  Feather  and  Sacramento  rivers.  The  entire  drainage  area  of  this  river  is 
about  1,327  square  miles,  of  which  about  1,220  square  miles  are  above  the  gaging  station 
at  Smartsville.  Its  extreme  length  is  about  60  miles,  and  extreme  width  56  miles.  In 
the  lower  stretches  of  the  river,  at  the  location  of  the  present  gaging  station  and  in  the 
vtUey  below,  the  channel  has  been  filled  to  a  considerable  depth  with  debris  from  hydraulic 
mining. 

The  drainage  basin  is  subdivided  into  5  small  basins,  namely:  North  Fork,  with  a  drain- 
age area  of  491.6  square  miles;  Middle  Fork,  with  a  drainage  area  of  218  square  miles; 
South  Fork,  with  a  drainage  area  of  360  square  miles;  Deer  Creek,  with  a  drainage  area  of 
89.6  square  miles,  and  Dry  Creek,  with  a  drainage  area  of  105.5  square  miles.  The  latter 
tributary  dischaiges  into  the  main  river  about  5  miles  below  the  gaging  station.  The 
watershed  rises  gently  in  rounded  and  broken  mountains,  to  the  crt^st  of  the  Sierra  Nevada, 
which  at  the  headwaters  of  the  Yuba  has  a  mean  elevation  of  about  8,200  feet,  with  peaks 
rising  to  a  height  of  9,100  feet.  From  Mount  Lincoln — a  peak  common  to  the  watersheds 
of  the  Yuba,  American,  and  Tnickee  rivers — to  a  point  about  2J  miles  northeast  of  Mount 
Weber,  the  summit  of  the  Sierra  Nevada  divides  the  watershed  of  Yuba  River  from  that  of 
Tnickee  River,  which  discharges  into  Humboldt  Basin.  Farther  north  from  Mount  Webt^r 
there  is  a  secondary  crest  which  divides  the  wati'rsheds  of  Yuba  and  Feather  rivers,  the 
watershed  of  the  latter  stream  reaching  farther  east  to  a  less  elevated  divide  in  which  the 
paaKS  are  lower  than  those  of  the  easterly  crest. 
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The  western  and  lower  portions  of  the  Yuba  drainage  basin  are  composed  of  slate  and 
kindred  rock,  very  much  eroded  and  merging  into  the  gravel  and  aUuvial  deposits  of  the 
Sacramento  Valley.  The  upper  portions  of  the  basin  are  composed  principallj  of  lavas 
and  granites,  all  deeply  eroded,  particularly  the  lavas.  A  stratum  of  serpentine  traversf^ 
the  watershed  of  the  Yuba  River  in  a  direction  generally  parallel  with  the  crest  of  the 
Sierras.  The  North  Fork  rises  in  lavas  which  vary  much  in  composition  and  hardness, 
but  which  generally  have  a  deep  soil  covering,  with  timber  and  brush  growth.  The  Middle 
Fork  rises  in  similar  lavas  and  granite.  The  main  and  tributaiy  streams  faU  rapidly,  and 
their  canyons  head  well  up  in  the  mountains.  The  sides  of  these  canyons  are  covered 
with  timber  and  brush,  which,  with  the  deep  soil,  retain  the  moisture  and  feed  numerous 
perennial  springs.  In  the  case  of  the  North  Fork  this  is  particularly  noticeable.  The 
forests  of  its  watersheds  make  a  reliable  and  constant  stream.  The  mean  annual  precipi- 
tation for  the  basins  of  North  and  Middle  forks  is  about  54  inches.  Warm  rains  on  soft 
snow  sometimes  give  high  flood  discharge,  but  snow  remains  on  the  hi^er  peaks  until 
midsummer.  The  headwaters  of  South  Fork  lie  upon  a  broad  granite  surface  into  which 
the  streams  have  not  cut  deeply  until  the  main  stream  reaches  a  point  16  miles  from  the 
summit,  where  it  drops  rapidly  into  a  deeply  eroded  canyon.  This  part  of  the  basin  has  a 
precipitation  annually  of  about  60  inches.  The  entire  drainage  area  of  the  Yube  contains 
nearly  100  small  glacial  lakes. 

TUBA  RIVES  NEAR  8X1RT8VILLB,  GAL. 

This  station  was  established  June  2,  1903,  by  W.  H.  Steams.  It  is  located  at  what  is 
called  ''The  Narrows,"  1  mile  from  Smartsville, Cal.,  18  miles  from  the  Southern  PaciBc 
Railroad  station  at  Wheatland,  Cal.,  and  20  miles  from  MarysviDe,  Cal. 

The  channel  is  straight  for  200  feet  above  and  300  feet  below  the  station,  and  the  current 
is  swift  at  all  stages.  In  the  150  feet  above  the  cable  the  stream  has  a  fall  of  0.2  foot  and 
of  0.9  foot  in  the  200  feet  below.  Both  banks  are  high  and  rocky  and  are  not  subject  to 
overflow.  The  banks  widen  out  considerably  just  below  the  station.  The  bed  of  the 
stream  is  composed  of  gravel  and  sand — tailings  from  hydraulic  mining — and  is  constantly 
shifting.  After  the  rains  of  1904  it  was  found  that  the  bed  of  the  stream  had  been  lowered 
for  an  average  depth  of  2  feet. 

Dischai^  measurements  are  made  from  a  car  and  cable.  One  auxiliary  cable  is  stretched 
parallel  to  and  100  feet  upstream  from  the  main  cable,  and  a  second  one  is  located  150  feet 
below  the  station  cable  for  float  measurements.  The  initial  point  for  soundings  is  on  the 
left  bank  at  the  eyebolt  to  which  the  cable  is  fastened.  Frequent  dischaiige  measurements 
are  made  on  account  of  continual  changes  of  the  river  bed.  These  changes,  however,  do 
not  materially  affect  discharge  measurements  for  the  same  gage  height. 

The  gage  is  in  two  sections.  The  lower  one  is  bolted  to  the  rock  wall  on  the  left  bank  of 
the  river  and  the  upper  one  to  the  right  bank.  During  1905  the  gage  was  read  once  each 
day  by  J.  R.  McKeel.  Bench  marks  were  established  as  follows:  (1)  A  point  on  a  rock 
marked  with  white  paint,  12  feet  upstream  and  about  15  feet  to  the  left  of  the  right  ey^ 
bolt;  elevation,  39.34  feet.  (2)  A  l>olt  in  shelf  of  rock  marked  with  white  paint,  12  feet 
from  high-water  gage  on  right  bank;  elevation,  13.75  feet.  (3)  A  bolt  in  the  face  of  rock 
20  feet  upstream  from  the  cable  on  right  bank;  elevation,  16.60  feet.  Elevations  refer  to 
the  datum  of  the  gage. 
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Information  in  regard  to  this  station  is  contained  in  Wator-Suppl}'  Papers  Nos.  81,  100, 
and  134,  United  States  Geological  Survey. 

Discharge  measurements  of  Yvha  River  near  SmartsvUU,  Col.,  in  1906. 


Date. 


Hydrographer. 


January  atL. 
February  12. 
February  13. 
February  26. 
March  5..... 
Uairh  15u . . . 

April  8 do 

April  24 ' do 

May  4 do 

May  13 do 

May  28 do 

June  4 ' do 

June  16 do 

July  7 do 


J.R.McKecl.... 

....do 

O.W.Peterson. 
J.R.McKeel.... 

do 

....do 


Julyao do 

July  29 do 

July  31 O.  W. Peterson, C.H.  Leo. 

August: J.R.McKeel 

August  15 do 

August  21 do 

August  28. do 

Septembers do 

September  25 do 

fJctober  8 i  Hawley  and  I>ee 

October  20 J.  R.McKeel 

October  30 do 

November  9. do 

November  16. do 

November  23. do 

November  30...  I do 


December  6 do. 

December  13... do. 

December  29 do. 


Width. 

Feet. 
180 

175  I 

178  ' 
180  I 

179  ' 
180: 
170  I 
170  j 

180  ' 
180  I 
183 
180 
180  I 
155 

74 
73 
76 
68 
62 
68 
62 
62 
57 
74 
66 
66 
63 
63 
63 
150 
70 
68 
84 


Area  of        Mean 
section.  I  velocity. 


Gage  Dis- 

nt.      charge. 


Sq.ft. 
688 
671 
665 
936 
836 
082 
1,060 
968 
868 
861 
883 
732 
652 
2M6 
165 
158 
137 
137 
126 
140 
120 
120 
113 
115 
126 
125 
121 
117 
123 
224 
140 


Ft. 


133  I 
167 


per  fee. 
5.09 
4.69 
4.39 
5.76 
5.40 
6.02 
6.56 
6.64 
6.01  I 
5.94  I 
6.31  I 
5.10  j 
5.09  \ 
3.58  j 
4.22  ' 
4.01  I 
3.38 
3.83  I 
3.78 
3.80  I 
3.68 
3.66  I 
3.56  ; 

3.43  I 
3.62 
3.55  I 
3.48 

3.44  I 
3.56 
3.70 
3.80 
3.65 
3.96 


Feet. 
6.70 
6.30 
6.25 
7.00 
6.60 
6.90 
7.00 
6.30 
5.80 
5.50 
5.75 
5.00 
4..% 
2.40 
2.00 
1.60 
1.64 
1.50 
1.40 
1.50 
1.30 
1.30 
1.20 
1.45 
1.40 
1.35 
1.30 
1.20 
1.35 
2.20 
1.60 
1.50 
1.90 


Sec.-ft. 

3,500 

3,147 

2,920 

5,397 

4,512 

5,914 

6,959 

6,423 

5,221 

5,132 

5.570 

•     3,955 

3,318 

1,025 

697 

634 

463 

525 

476 

532 

442 

439 

402 

395 

456 

444 

420 

403 

438 

830 

533 

486 

661 
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DaUy  gage  height,  in  feet,  of  Yuba  Rimr  near  SniortmriUe,  Col.,  for  1905. 


Day. 


Jan. 


I 


1 9.0 

2 '  8.4 

3 7.6 

4 7.2 

5 6.9 

6 '  6.8 

7 6.4 

8 6.4 

9 6.3 

10 6.2  , 

11 6.1 

12 6.1 

13...    6.1 

14 8.2 

15 7.7 

16 7.3 

17 6.9 

18 6. 3 

19 o6..'i 

20 6. 7 

21 7..'i 

22 1  10.4 

23 1  10.0 

24 t  8.9 

•25 '  8.2 

•26 7.8 

27 '  7.4 

28 7.1 

29 '  0.9 

30 6.8 

31 ,  6.7 


Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept.  '  Oct.  '  Nov. 

Dec, 

7.5 

I 

6.7 ; 

7.0 

6.5 

5.5 

2.7 

1.6 

1.3  1      1 

1 
.4           1.4 

:\o 

9.4 

6.7  1 

7.0 

6.3 

5.2 

2.7 

1.6 

1.3  1      ] 

.4  1        1.4 

'.7 

8.5 

6.6  , 

7.1 

6.1 

5.1 

2.6 

1.6 

-1.3  1       1 

.4           1.4 

1.7 

7.9 

6.7  t 

7.1 

5.8 

5.0 

a2.5 

1.6 

1.3  1      ^ 

.4I        1.4 

I.T 

8.5 

«.«; 

7.0 

5.7 

4.8 

2.5 

1.6 

1.3  1      ] 

.4  1    al.4 

1.6 

7.6 

6.6  i 

7.1 

5.7 

4.9 

2.4 

«1.6 

1.3        1 

.3          1.4 

1.6 

7.2 

6.5  1 

7.3 

5.6 

5.0 

2.4 

1.5 

1.3  1      1 

.3  1        1.4 

1.6 

7.0 

6.5  1 

7.0 

6.0 

4.9 

2.3 

1.5 

1.3  '      ] 

.4  1       1.3 

1.6 

6.S 

6.4  . 

6.9 

6.2 

4.9 

2.3 

1.5 

1.3'   «] 

.4  j       1.3 

1.5 

6.6 

6.4 

6.9 

5.7 

4.9 

2.2 

1.5 

<»1.3 

.4          1.3 

•1.5 

6.6 

6.3 

6.5 

5.7 

5.2 

2.2 

1.5 

1.3  ' 

.4  !       1.3 

1.5 

6.3 

6.4 

6.3 

5.5 

5.0 

2.2 

1.5 

1.2 

.4  j    a  1.3 

1.5 

6.2 

7.3 

6.3 

5. 5 

.i.O 

2.1 

ai.5 

1.2 

.4  i       1.3 

1.5 

6.1 

7.7 

6.2 

a5.h 

4.7 

2.1 

1.5 

1.2 

1.4          1.3 

1.5 

6.1 

6.9 

6.2 

6.1 

4.7 

2.1 

1.4 

1.2      - 

.3  '       1.3 

1.5 

6.0 

6.8 

6.4 

6.9 

4.5 

2.1 

1.4 

1.2 

.3          1.2 

1.6 

7.0 

6.6 

6.0 

7.0 

4.5 

2.0 

1.4 

«1.2 

.3  1       1.2 

1.6 

7.0 

7.3 

7.2 

fj.9 

4.3 

2.0 

1.4 

1.2 

.4          1.2 

2,0 

6.9 

11.3 

6.3 

0.1) 

4.2 

2.0 

1.4 

01.2 

1.4  j    «1.4 

2.0 

8.5 

8.8 

6.0 

6.8 

4.0 

2.0 

al.4 

1.2 

.4  j       1.5 

2.4 

7.4 

9.4 

6.0 

7.0 

3.8 

1.9 

1.4 

1.2 

1.4'       1.6 

2-0 

7. 1 

8.5 

6.0 

6.3 

3.6 

1.9 

1.5 

1.2      « 

.4          1.4 

l.>* 

6.9 

7.9 

6.1 

6.2 

3.4 

1.8 

1.4 

1.2 

.4          1.4 

1,6 

6.8 

8.4 

6.3 

6.0 

3.3 

1.8 

1.4 

a  1.2 

1.4          1.3 

1.6 

6.9 

8.0 

6.(5 

6.2 

3.2 

1.8 

1.4 

1.2  ' 

.4          1.4 

1.6 

7.0 

8.1 

7.0 

6.5 

.3.1 

1.7 

1.4 

1.2 

.5  ;    ai.6 

1.6 

6. 9 

s.o 

7.4 

5.8 

3.0 

1.7 

Jl.4 

1.5' 

.4          1.8  J 

1.6 

6.M 

7.5 

7.1 

5.7 

2.9 

1.7 

1.3 

1.5  ^    a 

.4          1.6 

1.8 

8.4 

7.0 

5.6 

2.8 

1.6 

1.3 

1.4       a 

1.4          1.8   ' 

1.9 

8.0 

7.1 

5.5 

2.8 

1.6 

1.3 

1.4 

1.4  ,       2.2  • 

l.s 

7.3 

5.5 

1.6 

1.3 



1.4  ^ 

1.8 

o  Gage  heiglits  estiraate<i. 
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DaUy  discharge,  in  second-feet,  of  Yuba  Rit^er  near  SmaHm^iUe ,  Cal.,for  1905. 


i>*y. 


Jan.        Feb.       Mar.       Apr.    ,   May.      June.  .  July.     Aug, 


1 

2.... 

.1 

4 

fi.... 
6.... 


I 


8.. 


8,500 
7,000 
'».  120 
4,300 
3,750 
3,570 
2,930 
2,920 


9 2,770 

10 2,630 

11 2,510 

U 2, 510 

13 2,510 

H 6,oOO 


15.. 
16.. 


s.aw 

4,500 

3,a50 

2,»50 

3, 160 

3,500 

21 5,010 

22 1  12,850 

23 ,  11,550 


IN.. 

3).. 


34 

26. 

30. 

tl. 


4,750 

4,750 

4,550 

4,750 

4,512 

4,512 

4,460 

4,460 

4,400 

4,650 

4,400 

4,700 

6,700 

7,S50 

5.914 

5,710 

5,420 

6,800 
17,400 
10,320 
11,800 
5,250  (  9,700 
4,920  I  8,350 
4,800  I  9,500 
6,750  I  5,060  1  8,700  7,05.5  |  6,240 
5,800  5,397  i  8,900  '  7,920  6,H45 
4,950  '  5,150  8,700 
4,350  I     4,950       7,800 

4,000    9,720 

3,8a0 1    8,800 

3,«50    1    7,350 


5,200 
10,060 
7,650 
6,150 
7,680 
5,500 
4,670 
4,310 
3,950 
3,600 
3,650 
3,147 
2,920 
2,780 
2,780 
2,750 
4,550 
4,650 
4,500 
8,400 
5,800 


8,520 


6,730 

6,730 

7,0ti0 

7,060 

6,850 

7,160 

7,600 

6,960 

6,750 

6,900 

6,160 

5,770 

5,900 

5,700  , 

5,800 

6,190 

5,520 

8,000 

6,200 

5,620 

5, 720 

5,720 

6,030 

6.420 


8,800 
8.140 
7,920 
8,140 


6,845 

6,440  i 

6,045  I 

5,470 

5,285 

5,285  , 

5, 100  I 

5,850  ' 

6,240  I 

5,285 

5,285  ! 

4,920 

4,920 

5,470  , 

6,045 

7,700 

7,920 

7,700 

7.700 

7,480 

7,920 

6,440 

6,240 

5,850 


5.470 
5,285 
5.100 
4,920 
4,920 


4,920  I 
4,305  , 
4,225  ' 
4,060 
3,745  I     1,060 
3,900  980 


1,235 
1,235  I 
1,145  . 
1,060  I 


4,060 
3,900  I 
3,900  ' 
3,900  . 
4,395  ' 
4,060  I 
4,060  I 
3,595  I 

3,. {00  j 

3,300  I 

3,015 

2,880  , 

2,620 

2,375 

2, 14.5 

1,930 

1,825 

1,720 

1,620 

1,520 

1,420 

1,325 

1,325 


980 
905 
905 
835 
835 
835 
770 
770 
77<J 
770 
710 
710 
710 
710 
650 
650 
600 
000 
600 
555 
555 
555 
515 
515 
515 


Sept.  I  Oct.  Nov. 


1 


515 

515 

515 

515 

515 

515  I 

480  ! 

480  ' 

480 

480 

480 

480 

480 

480 

455 

45.5 

4.55 

45.5 

4.55 

455 

4,55 

4M) 

4.55 

455 

4.55 

4.55 

4.5.5 

4:i5 

43.5 

435 

4.^5 


435 
435 
435 
435 
435 
435 
43.5 
435 
435 
435 
435 
415 
415 
415 
415 
415 
415 
415 
415 
415 
415 
415 
415 
415 
415 
415 
480 
480 
4.55 
4,55 


455  I 
455 
455 
45.5 

4a5 

435 

4.55  I 

455 

455  I 

455 

455  I 

4.55 

455  I 

435 

435  j 

4,^5 

455 

455  , 

455 

4.55  I 

4.55  ' 

455 

455  : 

455 

480 

455  ' 

455 

455 

4.55 

455 


455 
455 
455 
455 
455 
455 
4.55 
435 
435 
435 
435 
435 
435 
435 
435 
415 

-i 

415  ! 

435  I 
480  I 
515 
455  I 
455  1 
435  I 
455  I 
515  I 
600 
515  I 
600  - 
835 


Dec. 

710 
555 
555 
555 
515 
515 
515 
515 
480 
480 
480 
480 
480 
480 
480 
515 
515 
710 
710 
980 
710 
600 
515 
515 
515 
.515 
515 
600 
&50 
600 
600 


N'oTK.— January  1  to  April  24  the  dally  discharge  was  obtained  indirectly.    From  April  25  to  December 
U  the  daily  diacharge  was  obtained  from  a  rating  table  based  on  measurements  subsequent  to  April  24. 
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Estimated  monthly  difirharge  of  Yuba  Rhrr  nrnr  SmartjnnUey  Vol.,  for  1905. 
[Drainage  area,  1,220  square  miles.] 
1  Discharge  in  second-feet.  |  Run-olT. 

Month.        I    .     :„, .     :  „     \  ^i^t.  \^o^<^^^  v^ 

I  Maximum.  Minimum.  I      Mean.         ~«^  t^^"    {  per  square     inji^i,,^ 


mile. 


I 


'  I  i                     I 

January 12,8.10  |  2,510  j  4,903*  301,500  |  4.02     |  4.M 

February [  \0,W,0  ^  2,750  S  .1,008  '  278,100,  4.10  4.27 

March ]  17,400:  4,400  |  7,107  437,000  1  5.83  6,?2 

April S.SOO  I  5,520  i  6,751  :  401,700  5.53     i  6.17 

May [  7,920  4,920  |  6,071  i  .373,300'  4.9S    .  5.74 

June 4,920  1,325  3,101  184.500  |  2.54  2.Ja 

July l,2;r)  515  I  782'          48.080,               .641  '  .739 

August 515  435'  471  |          28.960'               .386'  .445 

September 480  415  |  429            25,530                 .352'  .383 

October 480  ^Vi  453  |          27,850                  .371  .428 

NovemlH^r 835  415'  474  >          28,200                  .389  .434 

Deceml)er... as()  .480  566  i          34,800                  .464  .53i> 


The  year 12,S5()  415  3,010  |    2,170,000  2.47  33.34 


mSOELLAKEOXIS  MEASTTREMENTS,  TUBA  RIVER  DRAIKAOE  BASIll. 

Bay  Counties  Potifer  Vomjmny  Jiume  near  XeiYida  City,  Col. — A  measurement  was  made  in 
the  flume  oppt»sit<»  Purdon  bridge  over  the  Soutli  Fork  of  Yuba  Kiver  on  September  3,  1905, 
by  a.  A.  CamplM'll. 

Width,  6  feet:  area,  l.S.asquarc*  feet;  mean  velocity,  5.11  feet  per  second;  discharge,  69 
8econd-feet. 

Middle  Fork  of  Yuba  River  near  Xeixula  City,  Cat — A  measurement  was  made  one-half 
mile  upstream  fmm  Freeman's  bridge  and  RlM)ut  3  miles  north  of  Nevada  City  on  September 
4,  UX)5,  by  H.  A.  Campbell.  ^ 

Width,  22  feet;  area,  31  squart^  feet;  mean  velocity,  2.06  feet  per  second;  discharge,  64 
second-feet. 

Xotih  Fork  of  Yuba  Hirer  near  Good  years  bar,  Cal.—X  measurement  was  made  on  this 
stream  Septeinbt>r  5,  1905,  from  the  dovvnstivam  side  of  the  wagon  bridge  at  Goodyears  bar 
by  II.  A.  CamplH'll. 

Width,  44  feet;  area,  9(3  squan^  feet:  mean  velocity,  1.5'4  feet  per  second;  dischai^, 
149.seeond-feet. 

Xorth  Fork  of  North  Fork  nfYulta  Uictr  mar  I humit  ville,  Cat  — Thin  stream  cnt<»rs  the 
North  Fork  of  Yuba  Kiver  at  Downieville,  Cal.  A  rnetisurement  wius  made  IJ  miles  north  of 
Downieville  and  1(X)  yards  above  its  junction  with  Middle  Fork  of  North  Fork  on  September 
(>,  1905,  by  II.  A.  (\iinpbell. 

Width,  10  feel ;  aiva,  1S.5  s(|uare  feet ;  mean  velocity,  0.3()  fot^t  per  second;  dischai^,  6.7 
second-feet. 

A  measurement  was  made  IM)  yards  1k4ow  junction  of  Middle  Fork  of  North  Fork  of 
Yuba  River,  alx)ut  IJ  miles  north  of  Downieville,  (hiL,  on  September  6,  1905,  by  II.  A. 
Campln^l. 

Width,  20  feet;  area,  37  squan»  feet;  mean  velo<Mty,  0.73  fot^t  per  .second;  discharge,  27 
second-feet. 

Wheeler  flume  ntar  Downieville,  Cat. — This  flume  takes  water  from  the  East  Foric  of  the 
North  Fork  of  Yuba  River.  A  measurement  was  made  on  September  6,  1905,  at  the  head- 
gate  three-fourths  mile  north  of  Downieville  by  II.  A.  (^ampbell. 

Width,  3.1  feet;  area,  2.3  square  feet;  mean  velocity,  1.91  feet  per  second;  discharge, 
4.4  sexjond-feet.  ^-^  I 
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Davis  ditfk  near  DovmieviBef  Cci. — ^This  ditch  is  taken  out  of  East  Fork  of  North  Fork 
of  Yuba  River  about  a  mile  above  Downieville.  A  measurement  was  made  one-half  mile 
below  the  head-gate  on  September  6,  1905,  by  H.  A.  Campbell. 

Width,  3.0  feet;  area,  1.9  square  feet;  mean  velocity,  1.47  feet  per  second;  discharge, 

2.8  second-feet. 

Ead  Fork  of  North  Fork  of  Yuba  River  at  Downieville,  Col. — A  measurement  was  made 
on  September  6, 1905, 10  yards  above  its  junction  with  North  Fork  of  North  Fork  of  Yuba 
River  at  Downieville  by  H  A.  Campbell. 

Width,  22  feet;  area,  29  square  feet;  mean  velocity,  0.59  foot  per  second;  discharge,  17 
second-feet. 

Nmih  Fork  of  North  Fork  of  Yuba  River  at  DoumietnOe,  Col. — A  measurement  was  made 
on  September  6,  1905,  on  this  stre^im  10  yards  above  its  junction  with  North  Fork  of  Yuba 
River  by  H.  A.  Campbell. 

Width ,.28  feet;  area,  52  square  feet;  mean  velocity,  0.77  foot  per  second;  dischaiige,  40 
spcond-feet. 

North  Fork  of  Yuba  River  at  DoumieviUe,  Col. — A  measurement  was  made  from  the 
upstream  side  of  the  wagon  bridge  at  Downieville  on  September  6,  1905,  by  H.  A.  Campbell. 

Width,  40  feet;  area,  184  square  feet;  mean  velocity,  0.76  foot  per  second;  discharge, 
130  second-feet. 

Sovth  Fork  of  North  Fork  of  Yviha  River  near  Sierra  City,  Col. — A  measurement  wns 
made  on  September  7,  1905,  by  H.  A.  Campbell,  about  one-third  of  a  mile  above  its  junc- 
tion with  the  North  Fork  of  the  North  Fork  and  about  \\  miles  east  of  Sierra  City. 

Width,  2.7  feet;  area,  2.5  square  feet;  mean  velocity,  0.68  foot  per  second;  discharge, 
1.7  second-feet. 

Mining  company's  fume  near  Sierra  City,  Col. — A  measurement  was  made  on  September 
7, 1905,  by  H.  A.  Campbell,  about  1  mile  below  heading. 

Width,  2.5  feet;  area,  2.2  square  feet;  mean  velocity,  4.50  feet  per  second;  discharge, 

9.9  second-feet. 

North  Fork  of  North  Fork  of  Yuba  River  near  Sierra  City,  Col. — A  measurement  was 
made  on  September  7,  1905,  by  H.  A.  Campbell,  about  one-half  mile  above  its  junction 
with  the  South  Fork  of  the  North  Fork  and  about  1  mile  east  of  Sierra  City. 

Width,  25  feet;  area,  41  square  feet;  mean  velocity,  0.56  foot  per  second;  discharge,  23 
second-feet. 

BEAR  RIVER  DRAINAGE  BA8IN. 

DSBORIPTIOK  OF  BA8IK. 

Bear  River  drains  an  area  of  287  square  miles  between  the  Yuba  and  American  rivers. 
lis  headwaters  do  not  reach  back  to  the  crest  of  the  range  so  that  it  seldom  receives  pre- 
cipitation in  the  form  of  lasting  snow.  It  is  torrential  in  character,  having  no  forested 
areas  except  in  its  upper  portion.  The  rainfall  records  kept  by  the  Central  Pacific  from 
Auburn  to  Emigrant  Gap  are  indicative  of  the  precipitiation  in  the  southern  part  of  its 
basiDi  A  28-year  record  at  Grass  Valley  in  the  northern  portion  of  its  watershed  gives  a 
mean  of  49.41  inches. 

BEAB  BIVER  ABOVE  WHEATLAKD,  OAL. 

TTiis  station  was  established  by  O.  W.  Peterson  on  October  8,  1904.  It  is  located  about 
800  feet  below  McCourtney  Oossing  and  8  miles  alx>ve  Wheatland. 

The  channel  is  straight  for  350  feet  both  above  and  l)elow  the  station.  At  ordinary 
stages  the  velocity  is  moderate.  Neither  bank  is  subject  to  overflow.  The  bed  of  the 
stream  is  composed  of  gravel  and  is  not  subject  to  any  material  change. 

Discbarge  measurements  are  made  from  a  car  and  cable.  An  auxiliary  cable  is  located 
150  feet  downstream  and  parallel  to  the  larj^e  one,  so  that  float  measurements  can  be  made 
*t  very  high  water.  The  white-oak  tree  to  which  the  right  end  of  the  cable  is  fastened  is 
^  initial  point  for  soundings. 

The  gage  rods  are  300  feet  above  the  station,  on  the  left  bank  of  the  river.  Two  of  the 
•ctiottj  are  bolted  to  the  rock  and  the  upper  section  is  nailed  to  a  tree.     During  1905  the 
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gage  was  read  once  each  day  by  Hermann  Emestus.  A  standard  United  States  Geologicd 
Survey  bench  mark  is  sulphured  in  a  hole  drilled  in  the  rock  between  the  two  upper  sections 
of  the  gage;  elevation,  12.26  feet  above  the  datum  of  the  gage. 

A  description  of  this  station  with  gage  height  and  discharge  data  is  contained  in  Wattr- 
Supply  Paper  No.  134,  United  States  Geological  Sur\'ey. 


Discharge  measurements  of  Bear  River  above  Wheatland ^  Cal.,  in  1905. 


Date. 

^^*<Jt»^-   ^on. 

Mean 
velocity. 

Gage     1     Du- 
hel^t.    ;  charp?. 

Feet. 

8q.fl. 

Ft.  per  sec 

Feet.        8et.-ft. 

Februarys 

February  13...  1 
February  19... 
February  24 .. . 
June  27 

F.  R.  S-  Riittemer 

142 

225 

4  21 

5. 10 

9«« 

do 

14G 

165 

3.62 

457 

■S^ 

do 

139 

172 

3.66 

466  '            & 

.do 

139 

'     151 

3.50 

450               5> 

O.  W.  Peterec 
Peterson  and 

n 

42 
27 

47 
39 

1.89 
.95 

3.42               3$ 

July  30 

Leo 

3.10              r 

September  3 . . . 
October  10. . .  . 

r.  H.  Lee 

31 

1              44 

1.43 

3.24               63 

Hawley  and  I.00 

26 

1 

20 

1 

2.15 

3.00  ,             C 

Dai 

lygaof 

height 

1                               1                   1 
,  in  feet,  of  Bear  River  above  Wheatland,  Cat.,  for  1905. 

Day. 

Jan. 

5.0 
4.8 
4.3 
4.2 
4.2 
4.1 
4.0 
3.9 

Feb. 

5.6 

1      4.9 
'      6.7 
7.0 
5.5 
5.1 
5.2 

Mar.     Apr. 
4.  3    a  5.  45 

May.    June. 

0  4. 1  '   "  4. 1 

a  4. 2  1   1  4. 1 

45      04 1 

42'    a  4.  1 

044      0  4. 1 

July.     Al 

3.2  .    3. 
3.2      3. 
3.2  1    3. 
3.2  ,    3. 
3.2  '    3. 
3.2      3. 
3.1       3. 
3.1       3. 

ig.     Sept. 

Oct.      Nov.    Pec. 

1 

1          3.2 
1           3.2 
1          3.2 
1          3.2 
1          3.4 
1          3.2 
1           3.2 
1           3.2 

3.1       3.1         34 

2 

4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.1 

5.3 
5.0 
4  9 
4  8 
4  7 
46 
4  5 

3.1       3.0         a  3 

3 

3.1       3.0         1: 

4 

3.1       3.0         a  2 

5 

ai     ao       x: 

0 

045 

4  6 
047 

040 
0  40 
03.8 

ai     ao       a; 

7 

ai     ao       .11 

8 

ai     ao       ii 

9 

4.4 

1      *■' 

5.0 

4.8 

4.0 

4.C 

44 
4  4 

4  8 
a4.7 

a  3. 8 
03.8 

3.1       3.1           3.2 
3.  1       3. 1           3. 1 

ai     ao      Al 

10 

ai     ao      -i-u 

11 

1       4.0 

4.9 

4.0 

4  4 

a  4  7       «  3.  8 

3.1       3. 

I           3.1  1 

ai     ao       3  0 

12 

'      3.U 

4.6 

4.2 

44 

047 

a  3.  8 

3.1       3. 

1           3.1  i 

ai     ao       ao 

13 

!       3.H 

4.5 

4.7 

4  3 

a47 

a  3.  8 

3.1       3.35         a  I 

ai     2.9       .ii' 

14 

i       5.0 

4  4 

4.6 

43 

14  7 

03.8 

3.1  1    3. 

1        ai 

ai     2.^9       !♦• 

15 

4.5 

4.3 

4.4 

4  3 

05.1 

«  3.  8 

3. 2       3. 4           3. 1 

ai     2.9      3.0 

16 

1       4.8 

4.7 

4.4 

45 

05.5 

«3.6 

3.1       3.1           3.1  . 

ai     2.9      11 

17 

1       4.4 

4.3 

5.0 

4.8 

4  4 

4.9 

44 

49 

0  5. 5 
a  5.  2 

a  3. 6 
03.6 

3.1  3.1           3.1 

3. 2  3. 1           3. 0 

ai     2.9  I    A'i 

18 

ai     2.9 

i. 

Ifi.. 

4.9 
4.6 
6.5 
8.5 

4.7 
5.1 
4.9 
4.7 

10.5 

6.8 
6.8 
5.9 

49 
47 

a  5.0 
a  5. 0 
a48 
a  46 

a  3. 6 
a  3.  6 
a  3. 6 
03.6 

3.1       3.1           3.0  1 
3.1       3.1           3.0 
3.1  '    3.1           3.0 
3.1  .    3.1     ;      3.0  j 

ai  j  2.9* 

3.i 

20 

ai 
ai 

ao 

14 

21 

ai      a  J 

22 

ai  1  ao      t2 

23 

7.5 

4.6 

5.4 

4  5 

-45 

a3.5 

3.1      3.1    1     a.0 

ao  I  ao 

3.: 

24 

5.7 

4.5 

5.9 

44 

nA.A 

03.5 

3.1       3.1           3.0 

ai     ao 

10 

2.5 

5.2 

4.5 

5  3       43 

«4.3;  oa5 

8.1       3.1           3.2 

ai     ao 

10 

26 

5.0 

4.4 

6.5      42 

•'43 

a3.5 

3. 1       3. 1           3. 1 

ai     ao      ao 

27 

5.8 

44 

5.7  |a42 

04.2 

a5 

3. 1       X 

1        3.1 

ao    ass     10 

28 

o.h 

4.3 

5.4    «42 

04.2 

3.5 

3.1       3.1    •      3.1  ' 

ai  '  a2      ao 

20     

5.5 
5.5 
5.8 



7.0    a  4.1 

6.2       41 
5.6    

04.2 

3.4 

3.1       3.1          3.2  1 
3.1       3.3    ;      3.1 

3.1       3.2    ■ 

1 

ai  !  32      a4 

30 

04.2,      3.3 
04.2    

estimated. 

ai     35      3: 

31 

ai 

as 

a\ 

1 
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Station  rating  taUefar  Bear  River  above  Wheatland,  Cal.,  from  October  9, 1904,  to  December 

SI,  1905. 


leight. 

Discharge. 

Fret. 
2.90 

Seamd-ffH. 
10 

3.00 

20 

3.10 

33 

3.20 

49 

3.30 

69 

3.40 

92 

3.50 

118 

3.60 

146 

3-70 

177 

3.80 

210 

3.90 

246 

4.00 

285 

Oag< 
heigh 


Feet. 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 


Discharge. 

Iff 

Second-feet. 

,«. 

328 

5.30 

376 

5.40 

4^ 

t        5.50 

475 

5.60 

530 

1        5.70 

585 

5.80 

645 

j        5.90 

710 

6.00 

780 

6.20 

855 

6.40 

930 

1        6.60 

1,015 

6.80 

Discharge. 

Gage 
height. 

Sicond-Uet. 

Feet. 

1,106 

7.00 

1,200 

7.20 

1,300 

7.40 

1,405 

7.60 

1,615 

7.80 

1,625 

8.00 

1,740 

8.20 

1.S60 

8.40 

2,105 

8.60 

2,365 

8.80 

2,640 

9.00 

2,935 

I 


Discharge.  | 

Second-feet. 
3,250 
3,575 
3,910 
4,265 
4,635 
5,020 
5,410 
5,810 
6,220 
6,640 
7,060 


KoTZ.— The  above  tatde  is  based  on  11  discharge  measurements  made  during  1904-5.    It  is  well 
defined  between  gage  heights  3.1  feet  and  5.1  feet.    Above  6  feet  the  table  is  a  rough  approximation. 

Estimated  monthly  discharge  of  Bear  River  above  Wheatland,  Cal.,  for  1904  o^  1906. 

[Drainage  area,  263  square  miles.] 

Discharge  in  second-feet.  |  Run-off. 


Non.  -Diaoharge  estimated  for  missing  gage  heights. 
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1(>8  HTKEAM    MEASUREMENTS   IN    1905,   PART   XHI, 

HIBCEXXAVIOUB  MXASUBSHESTS  Df  BEAR  RITSE  DRAIHAeS  BA8ZV. 

South  YuIhi  Mining  Company's  ditch  near  Colfax ^  Cat. — This  ditch  is  taken  out  of  B«r 
River  2 J  miles  east  of  Colfax.  A  measurement  was  made  September  1,  1905,  ooe-eighth 
of  a  mile  below  this  beading  in  flume,  by  H.  A.  Campbell. 

Widtli,  6.0  feet ;  area,  1 1.8  nquare  feet ;  mean  velocity,  2  54  feet  per  second;  diachai^,  30 
second-feet. 

Bear  /fnvr  ruar  Colfax,  Cal. — A  measurement  was  made  September  1,  1905,  one-eighlh 
of  a  mile  below  intake  of  the  South  Yuba  Mining  Company's  canal  and  2\  miles  northeiisi 
of  Colfax,  by  II.  A.  Campbell. 

Width,  29  feet;  area,  17.8  square  fe*'t;  mean  velocity,  1.45  feet  per  second;  discharge, 26 
second-feet . 

Green  Horn  Rivfr  nfor  Colfax y  Cal. — .V  measurement  was  made  75  yards  above  the  junc- 
tion of  Big  Horn  and  Bear  rivers  and  alwut  3 J  miles  north  of  Colfax  on  September  1. 190.% 
by  II.  A.  Campl)ell. 

Width,  10  foet :  area,  0.0  square  iw\ :  mean  velocity,  1.13  feet  per  second;  discharge,  6.S 
second-feet . 

Btar  Rix'tr  near  Colfax,  Cal.-  -A  mea.surement  was  made  on  this  stream  on  September  1, 
1905,  about  100  yards  aUive  mouth  of  Green  Ilom  River  and  SJ  miles  north  of  Colfax. 

Widtii,  24  feet;  area,  21  square  fe<'t:  mean  velocity,  2.05  feet  per  second;  dischai^,  43 
second-feet. 

CAC1IE  C  REEK  DRAINAGE  BASIN. 

DESOKimON  or  BA8IH. 

Cache  Creek  drains  that  portion  of  the  eastern  slope  of  the  C6ast  Range  directly  north 
from  the  Puta  Vrvvk  ba.sin.  This  basin  is  long  and  narrow,  extending  from  northwest  to 
southea.st :  it  has  numen>us  tributaries,  of  which  North  Fork  is  the  largest.  Most  of  these 
tributaries  are  torrential  in  their  character,  but  the  flow  of  the  main  stream  is  regulated 
larpeiy  by  its  (lis^harjxe  from  Clear  I^ke,  which  is  fed  by  numerous  creeks  having  their 
s«>un'e  in  th(»  hij^her  portion  of  the  drainai^e  basin.  The  lake  covers  an  area  of  65  square 
miles,  and  has  a  draina^re  area  of  417s(juart^  miles.  The  streams  which  enter  Cache  C>eek 
Ik'Iow  Clear  Lake  are  practically  dry  during  the  summer  months.  There  are  large  culti- 
vated areas  on  the  west  side  of  Clear  Lake,  a  greater  portion  of  which  is  meadow  land  used 
for  stoek  raising.  There  an'  two  jrajring  stations  located  on  this  stream — one  at  Lower  Lake 
directly  at  the  point  when*  the  stream  discharjres  from  the  lake  and  one  at  Yolo  a  short  dis- 
tance Ix'low  where  it  emerges  from  the  foothills.  There  are  numerous  diversions  above  the 
gaging  station  at  Yolo  which  take  practically  the  entire  flow  during  the  summer  months. 
This  water  is  uM»d  for  irrigation  in  the  vicinity  of  Woodland  and  Yolo,  where  the  soil  is  rich 
and  deep  and  susceptible  of  the  highest  stat<»  of  cultivation. 

CLEAK  LAKE  AT  LAKEPORT,  CAL. 

Tlds  station  wa.s  established  in  January,  1901.  It  embraces  evaporation  for  botlj  lake 
and  land.  The  lake  pan  is  held  in  place  by  a  triangular  raft  placed  in  a  protected  arm  of 
the  lake  and  anehon'd  in  such  a  manner  that  it  has  a  clear  swing,  adjusting  itself  to  the 
wind  so  one  of  its  angles  will  cut  the  water.  The  pan  is  submerged  to  within  an  inch  or 
so  of  i\w  water  .surface.  The  land  pan  is  located  in  a  clear  open  space  and  set  in  the  ground 
so  that  its  top  is  flush  with  the  ground  surface,  it  bt^ing  protected  by  a  small  wire  fence 
that  It  may  not  be  disturbed.  These  pans  are  the  regulation  type,  as  referred  to  in  Cir- 
cular No.  4  of  instructions  for  observing  evaporation.  The  record  of  this  station  from 
January,  1901,  to  December,  1904,  was  published  in  Water^upply  Paper  No.  134.  The 
observer  is  Mr.  D.  C.  Rumsey,  nt  Lakeport,  CaU 
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Month. 


Evaporation  in 
Inches. 


Lake.    '    Land. 


January., 
February 
March... 
.\pril.... 

May 

June 

July 


Month. 


0.60  1 

0.60 

.90 

LIO 

L05  ' 

L15 

2.45, 

2.85 

3.45' 

3.70 

6.50  1 

7.00 

7.70 

8.90 

August 

1  September 

j  October 

,  November 

December 

,  Annual 4L20 


Evaporation  in 
Inches. 

Lalce. 

1 

Land. 

7.25  t 

8.45 

5.95 

6.65 

3.10  ' 

3.55 

L30 

1.55 

.95 

1.05 

CACHE  CREEK  AT  LOWEK  LAKE*  CAL. 

This  station  was  established  January  1,  1900,  by  S.  G.  Bennett.  It  is  located  three- 
fourths  mile  from  Lower  Lake,  Cal. 

The  channel  is  straight  for  150  feet  above  and  300  feet  below  the  station.  The  current 
has  a  moderate  velocity  at  ordinary  stages.  The  right  bank  is  low,  and  will  overflow  at  a 
gige  height  of  about  10  feet.  It  is  covered  with  a  thick  growth  of  willow  and  oak  trees  for 
100  feet  back  from  the  water's  edge.  The  left  bank  is  high  and  rocky,  and  is  not  liable  to 
overflow.  The  bed  of  the  stream  is  composed  of  firm  gravel,  and  changes  only  slightly: 
Gravel  is  sometimes  washed  in  from  Siegler  Creek  300  feet  below  the  cable. 

D»charge  measurements  are  made  from  a  cable  300  feet  above  the  wagon  bridge.  The 
initial  point  for  soundings  is  a  small  tree  in  line  with  the  cable  on  the  left  bank,  28  feet 
from  the  tree  to  which  the  cable  is  attached. 

The  present  gage  is  a  vertical  plank  nailed  to  a  timber  driven  into  the  bed  of  the  river 
and  fastened  to  a  large  willow  tree  on  the  left  bank  100  feet  above  the  cable.  On  March 
25, 1903,  when  the  new  gage  was  put  in  place,  the  reading  was  5.7  feet.  The  old  gage  read 
4.4  feet  on  the  same  date.  During  1905  the  gage  was  read  once  each  day  by  Mr.  J.  R. 
Anderson.  The  bench  mark  is  a  nail  in  the  root  of  the  oak  tree,  to  which  cable  is  fastened 
00  the  left  bank;  elevation,  8.43  feet  above  the  datum  of  the  gage. 
IBR  177—06 12 
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STREAM   MEASUREMENTS    IN   1905,   PART    Xin. 


InfonnatioD  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  81, 86, 
100,  and  134  of  the  United  States  Geological  Survey. 

Discharge  meaguremerUs  of  Cache  Creek  at  Lower  Lake,  Cal.y  in  1905. 


Date. 


January  1 

January  7 

January  14a.. 
January  15 . . . 
January  22... 
January  23  a.. 
January  24 . . . 
January  26 . . . 
January  31 . . . 
February  l*".. 
February  2  o.. 
February  9... 
February  15.. 
February  21 . . 
February  27.. 

MarchS 

March  11 

March  13a.... 

March  14 

March  20 

March  25 

March  31 

April7 

April  15 

April  22 

April  29 

May6 

July  11 

September  29 . 

October  8 

October  14.... 

October  21 

November  5 . . 
November  11 . 
November  22 . 
November  27 . 


Hydrographer. 


J.  R.  Anderson 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

....do 

do 

....do 

do 

....do 

do 

....do 

do 

....do 

....do 

O.  W.  Peterson 

C.H.Lee 

J.  R.  Anderson 

....do 

....do 

....do 

....do 

....do 

....do 


Width. 

Area  of 
section. 

Mean 
velocity. 

Oage 
height. 

1     Dis- 
charge. 

Feet. 

8q.fl. 

Ft.  per  sec. 

Feet. 

Sec-fi. 

51 

138 

1.86 

4.10 

257 

51 

146 

2.05 

4.20 

300 

52 

159 

2.08 

4.50 

331 

52 

159 

2.35 

4.50 

373 

52 

178 

2.61 

4.90 

467 

56 

222 

1.35 

5.60 

299 

52 

206 

2.86 

5.40 

589 

53 

218 

3.09 

5.60 

673 

53 

229 

3.27 

5.80 

748 

60 

273 

2.06 

6.48 

563 

56 

254 

3.11 

6.20 

790 

56 

266 

3.63 

6.40 

«5 

56 

254 

3.34 

6.20 

848 

56 

258 

3.44 

6.30 

888 

56 

256 

3.38 

6.20 

854 

56 

249 

3.33 

6.10 

828 

56 

234 

3.24 

5.80 

757 

60 

286 

2.18 

6.68 

625 

56 

248 

3.28 

6.08 

814 

59 

271 

3.52 

6.52 

fiS5 

60 

296 

3.69 

6.90 

1,092 

60 

308 

3.76 

7.10 

1.159 

60 

305 

3.63 

7.00 

1,108 

56 

277 

3.55 

6.60 

984 

56 

259 

3.42 

a35 

886 

56 

248 

3.34 

6.10 

829 

56 

233 

3.24 

5.80 

755 

54 

153 

2.53 

4.30 

387 

53 

•       86 

.93 

2.83 

80 

48 

73 

.86 

2.70 

63 

48 

73 

.82 

2.70 

60 

48 

68 

.70 

2.60 

48 

48 

62 

.50 

2.50 

31 

48 

61 

.46 

2.45 

28 

48 

58 

.41 

2.40 

24 

48 

54 

.37 

2.30 

20 

a  Backwater  from  Siegler  Creek. 


Digitized  by  VjOOQIC 


CACHE   CREKK    DRAINAGE   BASIN. 


171 


DaUy  gage  height^  infeetf  of  Cache  Creek  at  Lower  Lakt^  Cal.^  for  1906. 


Day. 

1 

Feb. 

Mar. 

Apr. 

Ma,. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

4.1     1 

4.1 

4.15 

4-2 

4.2 

6.5 
6.2 
6.25 
tf.25 
6.35 

6.2 

6.15 

6.15 

6.1 

6.1 

7.3 

7.1 

7.05 

7.0 

7.0 

5.9 

6.0 

6.0 

5.95 

5.90 

5.3 

5.3- 

5.25 

5.25 

5.2 

4.5 

4.5 

4.45 

4.4 

4.4 

3.8 

3.8 

3.75 

3.75 

3.7 

3.25 
3.2 
3.2 
3.2 
3.2 

2.8 
2.8 
2.8 
2.8 
2.8 

2.5 
2.5 
2.5 
2.5 
2.5 

2  5 

2 

2.5 

3 

2.45 

4. 

2  45 

5 

2.45 

6 

4.2 

6.4 

6.1 

7.0 

5.8 

5.2 

4.4 

3.7 

3.15 

2.8 

2.5 

2.4 

7 

4-2 
4-2     ' 
4-2 

4.2  , 

4-2    ' 

4.3  1 

6.4 
6.4 
6.4 
6.4 
6.3 
6.3 
6.3 

6.05 
6.0 
6.0 
5.9 
5.8 
6.2 
6.45 

7.0 

7.0 

6.9 

6.8 

6.8 

6.85 

6.76 

6.05 

6.0 

5.9 

5.85 

5.8 

5.8 

5.8 

5.15 

5.15 

5.1 

5.1 

5.05 

5.0 

4.95 

4.4 

4.4 

4.35 

4.35 

4.3 

4.3 

4.25 

3.7 

3.7 

3.7 

3.7 

3.65 

3.65 

3.65 

3.15 

3.15 

3.1 

3.1 

3.1 

3.05 

3.05 

2.75 

2.75 

2.75 

2.7 

2.7 

2.7 

2.7 

2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.4 

2.4 

8 

2.4 

9 

2.4 

10 

2.35 

11 

2  35 

12 

2.35 

13 

2.35 

»*- 

4-5 

6.3 

6.2 

6.6 

5.75 

4.95 

4.25 

3.6 

3.05 

2.7 

2.4 

2.35 

15 

4-7 

6.2 
6.2 

6.2 
6.3 

6.65 
6.55 

5.75 
5.8 

4.9 
4.9 

4.2 
4.15 

3.6 
3.6 

3.05 
3.0 

2.7 
2.7 

2.4 
2.4 

2.45 

W-* 

2.45 

17 

4-75 
4.75 

6.3 
6.3 

6.4 
6.3 

6.45 
6.4 

5.7 
5.7 

4.85 
4.85 

4.15 
4.1 

3.55 
3.55 

3.0 
3.0 

2.65 
2.65 

2.4 
2.4 

2.35 

18 

2.45 

W 

4.8 

7.0 

6.6 

6.5 

5.7 

4.8 

4.1 

3.5 

2.95 

2.6 

2.4 

2.5 

» 

.     4.8 

6.3 

6.55 

6.3 

5.6 

4.8 

4.1 

3.5 

2.95 

2.6 

2.5 

2.5 

21 

1     4-9    1 

6.3 

6.7 

6.35 

5.6 

4.75 

4.05 

3.5 

2.9 

2.6 

2.35 

2.45 

2 

1     5.85 
<     5.55  1 

6.35 
6.35 

6.8 
6.8 

6.35 
6.3 

5.5 
5.5 

4.75 
4.75 

4.05 
4.0 

3.45 
3.45 

2.9 
2.9 

2.6 
2.6 

2.4 
2.25 

2  4 

23 

2.5 

24 

i    ^-7 

6.3 

6.96 

6.25 

5.5 

4.7 

4.0 

3.45 

2.9 

2.6 

2.3 

2.5 

25 

5.65  1 
'     5.ft5 
1     5.75 

6.25 
6.25 
6.2 

6.95 

7.1 

6.95 

6.26 

6.2 

6.2 

5.45 

5.4 

5.4 

4.7 
4.6.5 
4.6 

4.0 
4.0 
4.0 

3.4 
3.4 
3.35 

2.9 
2.9 
2.9 

2.6 
2.6 
2.6 

2.3 

2.35 

2.3 

2  5 

36 

2.5 

27 

2.45 

2S 

5.8    ' 

6.2 

6.75 

6.15 

5.4 

46 

3.95 

3.35 

2.85 

2.55 

2.65 

2.4 

3 

5.8    1 

7.2 

6.1 

5.4 

4.55 

3.9 

3.35 

2.85 

2.  ,55 

2.5 

2.4 

» 

5.8    j 



7.2 

6.05 

5.45 

4.5 

3.9 

3.3 

2.8 

2.55 

2.5 

2.5 

II 

5.8    1 

j 



7.1 

J.  4 

3.85 

3.3 

2.5 

2.55 

Station  ratijig  table  for  Cache  Creek  at  Lower  Lake,  Cal.,from  January  1  to  December  SI, 

1905. 


Gaac 
hei{3it. 

Feet. 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 


Dincharge. 

1 

hei3^. 

Discharge. 

height. 

Discharge. 

height. 

Discharge. 

Second-feet,  i 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

17    1 

3.40 

149 

4.50 

365 

5.60 

670 

27    ! 

3.50 

163 

4.60 

390    , 

5.70 

701 

37 

3.60 

178 

4.70 

416 

5.80 

732 

48 

3.70 

194 

4.80 

442 

5.90 

763 

59    1 

3.80 

212 

4.90 

469    , 

6.00 

795 

71    . 

3.90 

232 

5.00 

496    1 

6.20 

859 

83  r 

4.00 

252 

5.10 

524 

6.40 

923 

95    , 

4.10 

274 

5.20 

.552 

6.60 

988 

108     ,, 
121     |l 

4.20 

296 

5.30 

581 

6.80 

1,054 

4.30 

318 

5.40 

610 

7.00 

1,120 

135     1 

4.40 

341 

5.50 

640 

7.20 

1,188 

' 

_ 

^ 

Non.— The  above  table  is  based  on  28  discharge  measurements  made  during  1905  and  during  the  lat- 
ter part  of  1904.    It  is  well  dedned  throughout. 
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Estimated  monthly  discharge  of  Cache  Creek  near  Lower  Lake,  Cal.y  fat  1906. 


Month. 


January 

February 

March 

April ' 

May 

June 

July 

August 

September 

October 

November 

December 

The  year ! 

I 


area,  500  square  miles.] 

Diflchar 

Minimum.      Mean. 

ToUlin 
acre-feet. 

Run-< 

Second-feet 

per  square 

mile. 

>ff. 

Depth 
inim^es. 

748 

274 

448 

27,550 

0.896 

1.03 

1,130 

562 

884 

49,100 

1.77 

1.84 

1,188 

610 

933 

57,370 

1.87 

2.16 

1,222 

811 

991 

58,970 

1.98 

•L2] 

811 

610 

702 

43,160 

1.40 

1.61 

581 

365 

476 

28,320 

.952 

1.06 

365 

222 

294 

18,080 

.588 

.6?* 

212 

135 

173 

10,640 

.346 

.m 

128 

71 

98.5 

5,861 

.197 

.210 

71 

37 

56.0 

3,443 

.112 

.129 

54 

12  , 

30.1 

1,791 

.060 

.067 

42 

22  , 

30  7 

1,888 

.061 

.070 

1,222 


426 


306,200 


.853 


11.47 


OACHX  CREEK  KBAE  TOLO,  OAL. 

This  station  was  established  January  1,  1903,  by  S.  G.  Bennett.  It  is  located  at  the 
wagon  bridge  on  the  road  from  Woodland  to  Yolo,  about  1,000  feet  above  the  Southern 
Pacific  Railroad  bridge.  A  new  wagon  bridge,  which  greatly  improves  the  channel  con- 
ditions, was  erected  during  1904.  The  station  was  reestablished  on  the  new  bridge  Decem- 
ber 4,  1904. 

Numerous  diversions  are  made  from  Cache  Creek  above  tills  station  which  take  practi- 
cally all  of  the  summer  flow.  The  channel  is  straight  for  1,000  feet  above  and  below  the 
station.  The  current  is  swift  at  ordinary  and  high  stages.  The  banks  are  steep  and  wooded 
and  their  height  has  been  increased  by  levees.  They  are  said  to  overflow  at  extreme  higb 
water.  The  bed  of  the  stream  is  composed  of  earth  and  gravel,  with  a  little  sand,  and  is 
not  subject  to  any  material  change. 

Discharge  mea.surements  are  made  from  the  downstream  side  of  the  bridge.  The  initial 
point  for  soundings  is  the  end  of  the  bridge  on  the  right  bank. 

The  gage  is  a  staff  in  four  sections,  three  of  which  are  above  the  bridge  and  the  fourth  is 
bolted  to  the  face  of  the  concrete  abutment  on  the  right  bank.  During  1905  the  gage  was 
read  by  John  Woodard.  The  bench  mark  is  comer  of  top  of  concrete  abutment  to  which 
the  high-water  section  of  gage  is  fastened  and  directly  over  gage;  elevation,  31.68  feet 
above  the  datum  of  the  gage. 


Digitized  by  LjOOQIC 


CACHE    CREEK    DKAtNAOE    BASIN. 


173 


Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  100  and 
134  of  the  United  States  Geological  Survey. 

Discharge  measurements  of  Cocke  Greek  near  Yolo,  Cat.,  in  1906. 


Date. 


Hydrographer. 


Tebruary  2 O  W.  Peterson . 

Februarys do 

Do do 

February  4 do 

February  15 do. 

May  16. 

Junes 

une  24 


W.B.Clapp 

Peterson  and  Rodman . 
O.  W.  Peterson 


August  3 do. 

5*pterabcr7... 
September  13 . . 
Octobers 


C.H.Lee 

W.B.Clapp 

Lee  and  Hawley . 


Width. 

Feet. 
114 
107 
108 
102 
94 
91 


Area  of 
section. 

Mean 
velocity. 

height. 

Dis- 
charge. 

Sq.ft. 

Ft.  per  see. 

Feet. 

Sec.-ft. 

1,255 

6.07 

1L76 

7,624 

833 

5.83 

&30 

^,860 

890 

6.87 

8.80 

6,227 

630 

6.03 

7.05 

3,802 

345 

4.39 

4.85 

1,516 

275 

3.73 

<.06 

1,027 

215 

3.25 

2.40 

699 

151 

2.37 

2.60 

358 

88 

1.47 

1.79 

129 

19 

.67 

1.26 

lao 

7.3 

.64 

L15 

4.7 

.5 

.80 

1.09 

.4 

Daily  gage  height,  infeety  of  Cache  Creek  near  Yolo,  Col.,  for  1906. 


Day. 


1 
2 
3. 
4. 
5, 
6. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
H. 
17. 
18. 
19. 
JO. 
2\. 
22. 

2;. 

24. 

23. 

26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

5.0 
4.05 
3.65 
3.46 
3.25 
3.1 
3.1 
3.06 
3.0 
3.0 
3.0 
2.95 
3.2 
9.95 
6.4 
5.3 
7.4 
7.0 
B.65 
5.3 
5.05 
8.25 
15.55 
8.8 
9.25 
7.0 
6.2 
6.8 
5.4 
5.15 
5.0 


Feb. 


6.0 
12.4 
9.05 
7.35 
6.4 
6.0 
5.6 
5.35 
5.2 
5.1 
5.0 
4.96 
4.9 
4.8 
4.8 
4.75 
5.3 
5.25 
5.2 
5.1 
5.0 
5.0 
4.96 
4.9 
4.86 
4.8 
4.8 
4.7 


Mar. 


Apr. 


6 
5 
45 
4 
4 

35  I 
35  i 
3 

3    I 
65 
05  1 
85  I 

'  I 
2 

7     , 

0 

"  I 

95 
9 

3  ! 
2 

1  ! 

05  ' 

0  I 

9    I 

1 

85l 

1  . 


5.9 

5.8 

5.7 

5.6 

5.5 

5.4 

5.3 

5.2 

5.2 

5.1 

5.1 

5.05 

5.0 

5.0 

4.9 

4.9 

4.85 

4.8 

4.75 

4.7 

4.65 

4.6 

4.55 

4.5 

4.45 

4.4 

4.35 

4.3 

4.25 

4.2 


May. 


4.2 

4.2    1 

4.2 

4.16  ! 

4.16  . 

4.15  I 

4.1 

4.75 

4.5 

4.4 

4.3 

4.25 

4.2 

4.2 

4.15 

4.15 

4.1 

4.1 

4.1 

4.05 

4.05 

4.0 

4.0 

3.95 

3.95 

3.9 

3.9 

3.8 

3.8 

3.7 

3.7 


June. 

3.6 

3.6 

3.5 

3.5 

3.45 

3.4 

3.35 

3.3 

3.25 

3.2 

3.15 

3.1 

3.1 

3.05 

3.05 

3.0 

3.0 

3.0 

2.95 

2.9 

2.9 

2.85 

2.8 

2.8 

2.75 

2.7 

2.7 

2.65 

2.6 

2.6 


July.  I   Aug.   I  Sept.       Oct. 


3.3 

2.4    i 

3.25 

2.4 

3.2 

2.35 

3.15 

2.3 

3.1 

2.25 

3.1 

2.2 

3.05 

2.2 

3.05 

2.15 

3.0 

2.15 

3.0 

2.1 

3.0 

2.1 

2.65 

2.5 

2.6 

2.5 

2.45 

2.45 

2.4 

2.4 

2.4 

2.31 

2.3 

2.21 

2.2 

2.2 

2.1/ 

2.U 

2.1 

2.1 

2.0 

2.0 

1.95 

1.9 

1.9 

L8.^ 

1.8 

1.8 

1.75 

1.75 

1.6 

1.6 

1.6 


1.8 

1.4    I 

1.0 

L8    1 

1.4 

1.0 

1.75 

1.4    1 

1.0 

1.75 

l..'^ 

1.7 

1.3     1 

1.7 

1.3 

L7 

L25 

1.75 

1.25  1 

1.8    ' 

1.2    : 

L8    1 

1.15 

1.06 

1.75 

1.15 

1.06 

L75| 

1.1 

1.06 

1.7  : 

1.1 

1.7    1 

1.1 

1.65 

1.15 

1.65 

1.1 

1.65  1 

1.1      ... 

L6    1 

l.l      ... 

1.6 

1.15    ... 

1.6 

1.15    ... 

1.6 

l.l      ... 

1.65 

1.1      ... 

1.55 

1.05    ... 

1.55' 

1.05    ... 

1.55 

1.05    ... 

1.5 

1.05    ... 

1.5 

1.05    ... 

1.5 

1.05    ... 

1.45 

1.0      ... 

1.45 

LO      ... 

1.4     . 

Note.— Creek  dry  October  17  to  December  31. 
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Station  rating  table  for  Cache  Creek  near  Yclo^  Cal.,from  January  /,  to  Deeember  SI,  1905. 


heiglt. 

Discharge. 
Second-feet, 

.    Gage 
height. 

Discharge. 

Gaffe 
height. 

Feet. 

Discharge. 

Gaffe 
height. 

Discharge. 

Feet. 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet. 

1.00 

0 

2.60 

361 

4.40 

1,230 

7.60 

3,635 

1.10 

1 

2.70 

395 

4.60 

1,350 

7.80 

3,815    1 

1.30 

7 

2.80 

430     1       4.80 

1,480 

8.00 

4.000 

1.30 

17 

2.90 

467             5.00 

1.610 

8.50 

4,475 

1.40 

32 

3.00 

505             5.20 

1,745 

9.00 

4,970 

1.50 

53 

3.10 

550             5.40 

1,885 

9.50 

5,470 

1.60 

76 

3.20 

J595     1        5.60 

2,025 

10.00 

5,980 

1.70 

100 

3.30 

640 

'       5.80 

2,170    ; 

10.50 

6,506 

1.80 

135 

j        3.40 

600 

6.00 

2,320 

11.00 

7,050 

1.90 

151 

3.50 

740 

6.20 

2,470 

11.50 

7,600 

2.00 

178 

1        3.60 

790 

6.40 

2,625 

12.00 

8,150 

2.10 

306 

3.70 

840 

6.60 

2,785 

13.00 

9,aoo 

2.20 

235 

3.80 

890 

6.80 

2,946    t 

14.00 

10,500 

2.30 

265 

3.90 

945 

7.00 

3,110 

15.00 

11.700 

2.40 

296 

4.00 

1,000 

7.20 

3,280    1 

16.00 

12,950 

2.50 

328 

4.20 

1,110 

7.40 

3,455 
ents  made  di 

J  ring  1905. 

"E.— The  al 

t>ove  tabic  Is 

based  on 

12  discharge 

measurem 

ItiswendeflDid 

between  gage  heists  0  and  5  feet. 


Estimated  monthly  discharge  of  Cache  Creek  near  Yolo,  Cal.,  for  1905. 
[Drainage  area,  1,280  square  miles.] 


Month. 


Discharge  in  second-feet. 

"I 

Maximum.    Minimum.  '     Mean. 


Run-off. 


I 


January 

February 

March 

April 

May I 

June j 

July , 

August ' 

September 

October 

November ' 

December | 

The  year ' 


12,  .•»0 

8,610 

3,195 

2,245 

1,448 

790 

344 

125 

32 

1 

0 

0 


486  I 
1,415 
1,170  I 
1,110  i 

840  ! 

361  I 

76 

I 
32 

:i 

0 
0 


2,313 

2.142 

1,969 

1,576 

1,058 

542 

214 

86.5 

7.1 

.32 
0 
0 


ToUlin 
acre-feet. 


142,200 

119,000 

121, 100 

03,780 

65.050 

32,250 

13,160 

5,319 

423 

20 

0 

0 


Second-feet 
persQuare 


12,390 


826 


592,300 


1.81 

1.67 

1.54 

1.23 
.827 
.423 
.167 
.068 
.0055 
.00025 

0 

0 


Depth 
in  inches. 


.645 


2.09 

1.74 

1.78 

1.37 
.963 
.472 
.192 
.078 
.0061 
.00029 

0 

0 


8.68 


Note.— E&timates  January  1  to  February  10  are  subject  to  considerable  error  owing  to  the  scouiins 
and  filling  at  this  section  during  high  water. 
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MnOXLLAVEOlTB  KSASURSMSirTS  IH  OACHS  GREEK  DRAIKAOE  BASIH. 

Clover  Creek  ruar  Upper  Ldke^  Cal. — This  stream  discharges  into  Clear  Lake.  A  mea»- 
UTpment  was  made  July  12  by  O.  W.  Peterson,  one-third  of  a  mile  above  town  of  Upper 
Uke. 

Width,  9.2  feet ;  area,  5.5  square  feet;  mean  velocity,  0.49  foot  per  second;  discharge,  2.7 
second-feet. 

Cole  Creek  at  KdseyviUe,  CaL. — ^This  stream  discharges  into  Clear  Lake.  A  measw^ement 
was  made  July  11,  1905,  by  O.  W.  Peterson,  near  Kelseyville  and  Lower  Lake  road,  three- 
fourths  of  a  mile  below  Kelseyville. 

Width,  11.5  feet;  area, 4.3  square  feet;  mean  velocity,  1.00  foot  per  second;  discharge,  4.3 
seoond-feet. 

CajHiy  ditch  ai  Capay,  Cal. — ^This  ditch  diverts  water  from  Cache  Creek.  The  following 
measurements  were  made  at  head  of  ditch  at  Capay  by  O.  W.  Peterson. 

June  19:  Width,  18.8  feet;  area,  34  square  feet;  mean  velocity,  1.80  feet  per  second; 
discharge,  61  second-feet. 

August  2:  Width,  18.8  feet;  area,  21  square  feet;  mean  velocity,  1.57  feet  per  second; 
gage-height,  1.10  feet;  discharge,  33  second-feet. 

Kelsey  Creek  near  KeUeyvUUj  Co/.— This  stream  discharges  into  Clear  Lake.  A  mea»- 
urement  was  made  July  11  by  O.  W.  Peterson,  1 J  miles  above  Kelsey  Creek  Mill,  about  3i 
miles  above  the  town  of  Kelseyville. 

Width,  16.5  feet;  area,  9  square  feet ;  mean  velocity,  1.29  feet  per  second;  discharge,  11.6 
second-feet. 

Middle  Creek  near  Upper  Lake,  Cal.  — Tliis  stream  discharges  into  Clear  Lake.  A  meas- 
urement was  made  July  12  by  O.  W.  Peterson,  1 J  miles  above  the  town  of  Upper  Lake  in 
sec.  31,  T.  15  N,  R.  9  W,  M.  D.  M. 

Width,  9.9  feet;  area,  8.3  square  feet;  mean  velocity,  0.48  foot  per  8ecx)nd;  dischai^,  4.0 
second-feet. 

Moore's  ditch  near  Woodlandy  Cal. — The  following  measurements  were  made  at  Walker 
Bridge,  one-half  mile  below  canal  heading: 

June  3:  Width,  21.6  feet;  area, 89  square  feet;  mean  velocity,  0.90  foot  per  second;  dis- 
charge, 80  second-feet. 

June  3:  Width,  20  feet;  area,  102  square  feet;  mean  velocity,  1.69  feet  per  second;  dis- 
charge, 172  second-feet. 

June  17:  Width,  24.5  feet;  area, 72  square  feet;  mean  velocity, 0.83  foot  per  second;  gage 
height,  4.20  feet;  discharge,  60  second-feet. 

June  17:  Width,  26  feet;  area,  89  square  feet;  mean  velocity,  1.13  feet  per  second;  gage 
height,  4.80  feet;  discharge,  101  second-feet. 

June  17:  Width,  35  feet;  area,  119  square  feet;  mean  velocity,  1.36  feet  per  second;  gage 
height,  5.55  feet;  discharge,  162  second-feet. 

June  21 :  Width,  25.2  feet;  area,  74  square  feet;  mean  velocity,  1.65  feet  per  second;  gage 
height,  5.45  feet;  discharge,  122  second-feet. 

August  2:  Width,  19.8  feet;  area,  87  square  feet;  mean  velocity,  1.14  feet  per  second; 
gage  height,  4.40  feet;  discharge,  99  second-feet. 

AMERIC  AN   RIVER  DRAINAGE   BASIN. 
DEBOKIFTIOK  OF  BASIH. 

American  River  drains  an  area  of  about  2,000  square  miles  of  the  western  slope  of  the 
Sierra  Nevada.  This  drainage  basin  lies  between  those  of  the  Bear  and  Yuba  rivers  on 
the  north  and  that  of  Consumnes  River  on  the  south.  It  has  three  main  forks,  heading 
in  the  sununit  of  the  range,  which  reaches  an  elevation  of  about  9,000  feet.  The  country 
lying  between  these  main  forks  is  drained  by  numerous  small  tributaries.  The  formation 
ia  the  higher  and  greater  portions  of  this  basin  is  of  granite,  with  a  considerable  timber 
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growth.  The  flow  is  rather  torrential  during  the  winter  months,  due  to  the  lai^  area  of 
barren  and  sparsely  timbered  country  in  the  lower  portion  of  the  watershed.  The  pre- 
cipitation on  the  higher  elevations  is  in  the  form  of  snow,  which  usually  melts  late  in 
the  spring.  Rainfall  records  have  been  kept  along  the  Hne  of  the  Central  Pacific  Railroad, 
which  follows  the  ridge  to  the  north  of  North  Fork. 

The  mean  annual  rainfall  at  Auburn  is  33.40  inches,  that  at  Colfax  47.4  inches,  and  at 
Cisco  and  Emigrant  Gap  about  50  inches.  At  Georgetown,  between  North  and  Middle 
forks,  a  30-year  record  has  an  average  of  56.72  inches,  and  at  Placerville,  above  South 
Fork,  another  of  about  the  same  length  shows  43.58  inches. 

There  are  several  small  lakes  in  the  upper  reaches  of  this  basin,  the  storage  capacity  of 
a  few  having  been  increased  by  the  construction  of  low  dams  at  their  outlets.  This  stored 
water  is  used  for  mining  purposes  during  the  low-water  flow  and  is  used  entirely  within 
the  drainage  basin. 

AMERICAK  RIVEK  VEAS  FAIR0AX8,  OAL. 

This  station  was  established  November  3,  1904,  by  O.  W.  Peterson.  It  is  located  at 
Fairoaks  Bridge,  near  Fairoaks. 

The  channel  is  straight  for  400  feet  above  and  below  the  station.  At  ordinary  stages 
the  velocity  is  sluggish.  The  right  bank  is  not  subject  to  overflow.  At  times  of  very 
high  water  the  left  bank  is  subject  to  overflow  and  a  second  channel  is  formed.  The  bed 
of  the  stream  is  composed  of  gravel,  and  is  subject  to  slight  changes  at  times  of  high  water. 
At  ordinary  stages  the  river  is  about  210  feet  in  width  and  averages  over  4  feet  in  depth. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  bridge.  The  ver- 
tical face  of  the  right  abutment  is  4  feet  from  the  initial  point  ior  soundings. 

The  gage  is  a  staff  nailed  to  one  of  the  piles  at  the  upper  side  at  the  right  end  of  Fair- 
oaks Bridge.  During  1905  the  gage  was  read  twice  each  day  by  W.  F.  Bailey,  jr.  The 
bench  mark  is  a  nail  driven  in  the  guard  rail  over  the  upstream  center  pier;  elevation, 
31.00  feet  above  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  height  and  discharge  data,  is  contained  in 
Water-Supply  Paper  No.  134  of  the  United  States  Geological  Survey. 

Discharge  measurements  of  American  River  ivear  Fairoaks,  Col.,  in  1905. 


Date. 


Hydrographer. 


F.  R.  8.  Buttemer. 

....do 

....do 

....do 

....do 


January  26 . 
January  26 . 
February  2. 
February  1 1 
February  17 

Febniary  22 ...  I do 

May  17 1  W.  B.  Clapp 

June  28 |  O.  W.  Peterson.. 

July  29 '  Peterson  and  Lee 

September  4...!  C.  H.  Lee 


Width 

Feet. 
356 
356 
373 
353 
3.54 
355 
370 
260 
167 
165 


Area  of 
section. 

Mean 
velocity. 

Sq.ft. 

Ft.  per  sec. 

1,648 

2.41 

1,648 

2.42 

2,891 

4.35 

1,505 

2.09 

1,544 

2.19 

1,776 

2.67 

2,864 

4.34 

993 

L53 

694 

.56 

599 

.20 

Oaee         Dis- 
heignt.     charge. 


Feet. 
4.52 
4.49 
7.55 
4.08 
4.22 
4.90 
7.35 
2.88 
L46 


8ee.-fl. 
3,971 
3,9M 
12,580 
3,151 
3,378 
4.742 
12,340 
ir530 
3S2 
119 
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DaUy  gage  height,  in  feet,  of  American  River  near  Fairoaks,  Col.,  for  1905. 


Day. 


Jan. 


I 

1 1 

2 1 

3 1 

I I 

5 ' 

6 1 

8 

9 

» 1 

II 

12 

u ' 

It 

15 ' 

16 

17 

18 

19 ' 

» 

21 ■ 

22 

23 J 

2i 

23 

A 

27 

28 

29 

ao 

31 


Feb.  I  Mar.     Apr.  !  May.  j  June.    July. 


6.1 
5.25 
3.05 
3.65  j 

3.5  I 
3.35  I 

3.6  I 
3.6 
3.9    I 
3.1 
3.0    , 
3.0 
2.95 
3.5    I 
4.65 
4.55  i 
3.9    , 
3.85  I 
3.95 
3.9 
4.1 
4.8 
6.85  ' 
6.4 
5.4    I 
4.45  , 
4.25 
3.9    ' 
3.8    , 
3.75 
3.85 


4.25 

7.6 

5.85 

5.05 

6.65 

5.5 

4.9 

4.45 

4.25 

4.2 

4.1 

4.05 

3.8.') 

3.7 

3.6 

3.4 

4.35 

4.25 

4.15 

6.15 

6.2 

4.85 

4.6 

4.5 

4.55 

4.9 

4.7 

4.75 


I 


4.6    I 

4.6 

4.6 

4.55 

4.6 

4.6 

4.6 

4.6 

4.5 

4.3    I 

4.45 

4.6 

4.8  ' 
5.1 
5.15 
4.55 
4.75 

4.9  ! 
10.5 

7.45 
7.1 
6.7 
6.1     I 
6.55 
6.3    i 
6.5    i 

6.8  ; 

6.4 
6.85  I 
6.35  I 
5.95 


I 


6.15 
5.95  I 
6.0    I 
6.15  I 

6.0  i 
6.15  I 
5.75 
5.65  [ 

5.8  I 
5.5  I 
5.65  ] 
4.85  • 
5.25  I 

5.1  I 
4.8.5 
4.7    I 
4.55  I 
4.65  I 

4.9  ' 

5.4  I 

6.5  I 
7.4  ' 
8.8.5  ! 
7.65  I 
7.1 

6.6  ! 

6.7  I 

6.8  I 
I 

6.75  , 


6.0 

6.1 

5.9 

5.6 

5.55 

5.5 

5.6 

5.55 

5.8 

5.5 

5.2 

5.2 

5.0 

5.55 

6.15 

6.7 

6.95 

6.65 

6.5 

6.4 

5.95 

5.3 

5.5 

5.7 

6.1 

5.0 

5.5 

5.3,'i 

4.75 

4.5 

4.15 


4.6 

4.55 

4.45 

4.55 

4.45 

5.1 

5.15 

5.2 

6.35 

4.6 

4.7 

4.6 

4.35 

4.1 

4.2 

4.0 

3.85 

3.8 

3.8 

3.8 

3.85 

3.55 

3.7 

3.3 

3.15 

3.1 

2.9 

2.8 

2.75 

2.7 


Aug.     Sept.  '  Oct.  I  Nov.    Dec. 


2.85 

2.75 

2.7 

2.7 

2.65 

2.6 

2.5 

2.5 

2.4 

.3 

.2 

.1^ 

.01 

.0 

.9 

.8 
1.8 
1.7 
1.65 
1.6 
1.55 
1.5 
1.5 
1.5 
1.45 
1.45 
1.45  I 
1.45  I 
1.45  I 

^'^    I 
1.4 


:    2.3    1 

1.3 

2.2    ! 

1.3 

;   2. 15  1 

1.3 

2.05 

1.3    ' 

1    2.0 

1.25 

1.9 

1.25  ' 

1.8    1 

1.25  1 

1.4 

1.4 

1.4 

1.4 

1.35 

1.35 

1.35 

1.35 

1.3 

1.3 

1.3 

1.3 

1.3 

1.21 

1.21 

1.21 

1.25 

1.25 

1.2 

1.2 

1.2 

1.2 

1.2 

1.1 

1.1 

1.1 

1.1 

1.0 

1.0 

1.0 

1.0 


0.9    I 
.9    ! 
.9    I 
.9 
.85  ' 


.9 

.85  , 
.9 
.9 
.85 
.9 
.9 
.9 
1.0 


0.95  ; 

.9  i 
.95  I 
.95  I 
.95  I 
.95  I 
.95 
.9 

.95  I 
.9 
.95 

.95; 

.95  I 
.95, 
1.0  ' 
.95  1 


0.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
1.0 
1.0 
1.0 
1.0 
.95 
.95 
1.0 


.as 

.95 

l.Qff 

1.0 

.95 

.9 

I     -^ 

.95 

1.0 

1      .95 

.95 

1.05 

.95 

.95 

1.0 

1      .9 

.95 

1.15 

.95 

.95 

1.0 

.95 

.95 

1.15 

1      -9 

1.0 

1.0 

.9 

.95 

1  I 

.95 

.95 

1.0 

.95 

1.0 

1.4 

1      .95 

.95 

1.75 

1      .95 

.95 

1.5 

1 

1.35 

1.25 

1.2 

1.25 

1.1 

1.15 

1.2 

1.16 

1.15 

1.15 

1.0 

1.0 

.9 

.95 
1.0 
1.1 
1.1 
1.15 
1.2 
1.1 
1.05 
1.05 
1.2 
1.3 
l.J 
1.3 
1.4 
1.4 
1.55 
1.7 
1.45 


NoTE.-GaTJ  heights  estimated  July  2-28;  July  30  to  September  2;  November  1-9. 

Siatum  rating  table  for  American  River  near  Fairoaks,  Cat.,  from  November  J^  to  December  SI, 

1904. 


heig 


Feet. 
2.40 
2.50 
2.60 


1 
Discharge.  ^ 

Second-feet. 

Gage 
height. 

Feet. 

700    1 

2.70 

790    1 

2.80 

890 

2.90 

Discharge. 


hSgft.'i^»«^h*^'^- 


Second-feet..  Feet.  iSrcond-feef. 

990     I  3.00  '          1,300 

1,090  3.10  I          1,410 

1,190      I  3.20  I          1,540 


Gace 
height. 

Feet. 

3.30 


Discharge. 


Second-/ f  ft.. 


1,680 


NoTE.--The  above  table  la  baaed  on  2  discharge  measurements  made  during  1904,  au<l  on  the  1905 
curve. 
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Station  rating  taUefor  American  River  near  Fairoaksj  Oal.^from  January  1  to  December  SI, 

1905, 


Gage 
height. 

Discharge. 

hei^. 
Feet. 

Discharge. 

Gage 
height. 

Discharge.  < 
Second-feet.  I 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Feet, 

Sectmd-feeL 

0.80 

90 

2,20 

840 

3.60 

t         2,410    1 

6.00 

7,450 

0.90 

120 

2.30 

920 

3.70 

2,556 

6.20 

8,040 

1.00 

155 

2.40 

1,005 

3.80 

2,705 

6.40 

8,670 

1.10 

195 

2.50 

1,095 

3.90 

2,860 

6.60 

9,340 

1.20 

240 

2.60 

1,195 

4,00 

3,020 

6.80 

10.010 

1.30 

285 

2,70 

1.300 

4.20 

3,365 

7.00 

10,770 

1.40 

335 

2.80 

1,410 

4,40 

1         3.730 

7.20 

11,530 

1.50 

390 

2.90 

1,525 

4.60 

4,115 

7.40 

12,310 

1.60 

445 

3.00 

1,640 

4.80 

4,520 

7.60 

13,090 

1.70 

505 

3.10 

1,760 

5.00 

4,950 

7.80 

13,890 

1.80 

5ft5 

3.20 

1,880 

5.20 

5,406    ' 

800 

14,700 

1.90 

630 

3.30 

2,005 

5.40 

5,880    , 

2.00 

695 

3.40 

2,135 

5.60 

1         6,376 

2.10 

765 

3.50 

2,270 

5.80 

1         6,900    ' 

1                      ! 

Note.— The  above  table  is  based  on  10  discharge  measurements  made  during  1905.    It  is  fairly  wril 
defined  between  gage  heights  0.8  foot  and  5  feet. 

Estimated  monthly  discharge  of  American  River  near  Fairoaksy  Oal.,for  1904  and  1905. 


Month. 


1904. 

November  4-30 

Decem  ber 

1905. 

January 

February 

Maixjh 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  yciir 


Discharge  in  second-feet. 

Maximum. 

Minimum. 

Mean. 

1,355 

700 

896 

13,600 

700 

1,404 

10,220 

1,582 

3,549 

13,090 

.2,135 

4,630 

25,900 

3,545 

6,924 

18,300 

4,018 

7,736 

10,580 

3,278 

6,717 

5,760 

1,300 

3,231 

1,468 

335 

719 

335 

1.55 

255 

155 

105 

126  1 

155 

120 

138  1 

sa-i 

120 

181  1 

505 

120 

242  1 

25,900 

105 

2,874 

_   _    _   

Total  in 
aere-feft. 


47,ft« 
86,330 

218.200 

257.100 

425.700 

460,300 

413,000 

192,300 

44,210 

15.680 

7.498 

8.485 

10.770 

14.880 

2,068,000 


HIBOELLAHEOUB  MEASTTEEXSlTrS   IH  AMERICAK  RIVEK  DRAIKAOS  BASDf. 

So^  Fork  of  American  River  near  PlacervUle,  Cal. — A  measurement  was  made  August 
20,  1905;  at  Chillie  Bar,  3  miles  north  of  Placerville  and  400  yards  upstream  from  wagon 
bridge,  by  H.  A.  Campbell.  The  distance  to  water  surface  from  top  of  out«r  bar,  of  lower 
chord  in  the  middle  panel,  on  the  upstream  side  of  bridge  was  23.5  feet. 

Width,  28  feet;  area,  42  square  feet;  mean  velocity,  1.80  feet  per  second;  discharge,  76 
second-feet. 
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North  Fork  cf  the  American  River  near  Auburn,  Cal. — ^A  measurement  was  made  about 
400  yards  above  junction  of  North  and  Middle  forks  and  about  2  miles  northeast  of  Auburn 
OD  August  21, 1905,  by  H.  A.  Campbell. 

Width,  28  feet;  area,  44  square  feet;  mean  velocity,  1.48  feet  per  second;  dischai^,  65 
second-feet. 

Middle  Fori  of  the  American  River  near  Avbum,  Cal. — A  measurement  was  made  on  this 
stream  about  400  yards  above  junction  of  the  North  and  Middle  forks  and  about  2  miles 
northeast  of  Auburn,  Cal.,  on  August  21, 1905,  by  H.  A.  Campbell. 

Width,  55  feet;  area,  101  square  feet;  mean  velocity,  0.97  foot  per  second;  discharge,  98 
second-feet. 

El  Dorado  ditch. — ^This  ditch  is  taken  out  of  South  Fork  of  the  American  River  about  1 
mile  below  Slippery  Ford.  A  measurement  was  made  at  the  heading  on  August  24,  1905, 
by  H.  A.  Campbell. 

Width,  13.9  feet;  area,  45  square  feet;  mean  velocity,  1.24  feet  per  second;  discharge,  56 
secood-feet. 

83ver  Fork  of  American  River. — ^This  stream  enters  South  Fork  of  American  River  about 
1  mile  bekiw  Slippery  Ford.  A  measurement  was  made  on  August  24,  1905,  just  above 
mouth,  by  H.  A.  Campbell. 

Width,  11  feet;  area,  18.3  square  feet;  mean  velocity,  1.07  feet  per  second;  dischai^, 
19.6  second-feet. 

South  Fork  of  American  River. — A  measurement  was  made  one-fourth  of  a  mile  above 
Silver  Fork  and  three-fourths  mile  below  Slippery  Ford  on  August  25,  1905,  by  H.  A. 
Ckmpbell. 

Width,  26  feet;  area,  63  square  feet;  mean  velocity,  0.54  foot  per  second;  discharge,  34 
second-feet. 

South  Fork  of  Silver  Creek. — A  measurement  was  made  on  this  stream  August  26,  1905, 
about  200  feet  above  the  mouth  by  H.  A.  Campbell. 

Width,  16.5  feet;  area,  21  square  feet;  mean  velocity,  0.30  foot  per  second;  discharge, 
6.3  second-feet. 

Siker  Creek. — A  measurement  was  made  August  26,  1905,  100  feet  above  the  mouth  of 
South  Fork  of  Silver  Creek  by  H.  A.  Campbell. 

Width,  11  feet;  area,  16.2  square  feet;  mean  velocity,  0.92  foot  per  second;  discharge, 
14.9  second-feet. 

PUTA  CREEK  DRAINAGE  BASIN. 
DESOBIPTIOir  OF  ]t(ABIH. 

Puta  Creek  drains  a  portion  of  the  eastern  slope  of  the  Coast  Range,  its  waters  discharg- 
ing into  Sacramento  River  through  what  is  known  as  the  Yolo  basin  in  the  vicinity  of 
Davis,  Cal.  This  basin  is  rather  long  and  narrow,  extending  from  west  to  east;  it  has 
numerous  tributaries  which  have  a  heavy  flood  discharge  during  the  winter  months,  but 
are  practically  dry  during  the  summer.  This  stream  is  torrential  in  its  flow.  It  has  a 
comparatively  small  drainage  basin  with  an  exceptionally  heavy  rainfall,  especially  on  the 
higher  elevations  in  the  vicinity  of  Mount  St.  Helena.  A  five-year  rainfall  record  at  Helen 
Mine  on  the  northern  slope  of  Mount  St.  Helena  gives  an  average  of  99.52  inches.  The 
precipitation  decreases  as  we  approach  the  lower  elevations.  The  upper  reaches  of  this 
basin  are  well  timbered,  but  the  lower  portion  is  comparatively  barren  of  timber,  though  it 
has  a  considerable  growth  of  brush  extending  to  a  point  where  the  stream  leaves  the  foot- 
hills. The  areas  in  the  lower  portion  of  the  basin  are  used  principally  for  pasturage.  The 
topography  of  the  country  is  rough  and  precipitous.  The  underlying  rock  is  an  impervious 
date  and  serpentine  with  a  thin  soil  covering.  There  is  comparatively  little  tilled  land  in 
this  drainage  basin  above  the  point  where  the  stream  emerges  from  the  foothills  at  Winters. 
Below  this  point  the  soil  is  deep  and  susceptible  to  high  cultivation,  and  at  present  is  used 
for  the  raising  of  grain  and  fruit. 
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PXJTA  GREEK  HEAR  OUENOO,  GAL. 

This  station  was  established  February  12,  1904.  It  is  located  about  2  miles  below  the 
old  town  of  Guenoc,  near  the  Asbill  ranch  house  and  at  the  Guenoc  dam  site.  The  nearest 
post-office  is  at  Middle  town,  Cal. 

The  bed  of  the  stream  is  gravelly,  with  a  few  bowlders  above  and  below  the  section.  Bed 
rock  is  laid  bare  on  the  right  side  of  the  channt  1.  The  L>ft  bank  is  high  and  rocky,  while  the 
right  bank  is  rather  low  and  flat  and  subject  to  overflow  in  very  high  water.  The  vc  locity 
is  moderate  for  ordinary  stages  of  flow,  but  high  in  flood  periods.  Tlie  range  is  about  12 
feet,  representing  discharges  of  from  7  to  17,000  spcond-feet.  The  channel  is  straight  for 
several  hundred  feet  upstream,  but  has  several  large  bowlders  in  it.  Downstream  it  is 
straight  for  about  100  feet.  The  section  h  located  in  a  narrow  gorge  at  the  lower  end  of  a 
lon^,  flat  valley,  which  is  flooded  during  high  water.  The  channel  will  not  aUow  the  water 
to  run  off  through  the  gorge  fast  enough  to  prevent  backwater  forming  during  flood  periods. 

Meter  measurements  during  high  water  are  made  from  a  c^r  and  cable.  At  first  the  caWe 
was  located  directly  opposite  the  ranch  house,  but  as  the  location  proved  very  unfavcHTible 
it  was  moved  November  15,  1904,  to  a  point  about  1,000  feet  below.  It  now  has  a  ci^ar 
^lauof  about  200  feet.  The  initial  point  for  soundings  is  the  eyebolt  to  which  the  cable 
is  fastened  on  tiie  lt>ft  bank.  An  au.xiliary  cable  has  been  placed  parallel  to  the  \ATge  one, 
so  that  float  measurements  can  b:*  made  in  time  of  very  high  water.  During  low  water 
measurements  are  made  by  wading. 

The  gage,  which  was  established  near  the  old  section,  is  still  read,  although  a  new  one  was 
placed  near  the  cabL»  in  its  present  position.  The  old  gage  is  a  staff  in  two  sections,  both 
being  fastened  to  trce^J.  The  section  which  is  read  in  low  water  is  about  600  feet  upstream 
from  the  ranch  stable,  and  the  high-water  section  is  directly  opposite  the  stabK\  The  new 
rod  is  made  similarly  to  tiie  other  one.  Both  sections  are  located  a  few  feet  above  the  cable. 
One  is  bolted  to  a  large  Iwwlder  on  the  L*ft  bank  and  the  other  nailed  to  a  tree  on  the  right 
bank.  During  1905  the  gage  was  read  onc.^  each  day  during  ordinary  stages  and  twice 
a  day  during  high  water  by  Miss  Agnes  Asbill.  The  bench  mark  is  the  top  of  the  rock  to 
which  the  low-water  si'ction  of  the  new  gage  is  fastened;  elevation,  7.62  feet  above  the 
datum  of  tiu^  new  gage. 

A  description  of  this  station  and  gage  height  and  dischan?e  data  are  contained  in  Water- 
Supply  Paper  No.  134,  United  Stat<»s  Geological  Survey. 

Discharge  measurements  ofPuta  Creek  near  Guenoc ^  Cal.,  in  1905. 


Date.         1  Hydrogruphcr.  U^''^^'  ^„t  \  J^ty/,  iS^t.      chl!^ 


Feet.       Sq.ft.     Ft.persec.l     Feet.        Sec.-fl. 


January  1 1  V.  II.  S.  Buttcmcr. 

January  1 do 

January  2 do 

January  2a  —  j do 

January  3 1 do 

January  4 do 

January  14 do 

.lanuary  15 do 

January  16 do 

January  16 do 

July  8 ().  W.  Peterson 

Scj)*ember20..|  C.  II,  Lcc 


SI 

433 

1.37, 

s..-* 

392 

76 

300      ' 

1.36 

5.42 

530 

66 

342 

1.13 

5.14 

386 

66 

321      1 

1.12 

5.12 

359 

66 

322 

0.90  1 

4.W 

2m 

64 

316 

0.78  i 

4.82 

24< 

110 

624      1 

2.94  1 

7.(M  ' 

1,834 

95 

478 

1.83 

5.96 

s;6 

W 

4J9 

2.(M 

5.«6 

875 

95 

467 

2.08 

5.08 

972 

16 

12 

1.58 

3.72 

19 

8 

4.1  1 

1.66 

3.5b 

6 

o  Float  measurement. 
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Daily  gage  height,  in  feet,  ofPuia  Creek  fk-or  Guenoc,  Cal.,  for  1905. 


D«y. 


Jan.      Feb.  !  Mar.     Apr.     May.  !  June.  !  July.  I  Aug.     Sept.  '  Oct. 


1 6.8 

2 ^6.0 

3 «5.4 

4 4.8 

5 4.7 

b 4.4 

7 4.4 

8 4..') 

9 4.7 

10 4.6 

11 4.5 

12 4..5 

13 6.1 

14 7.45 

15 5.9 

16 5.9 

17 4.4 

IS 4.5 

19 6.45 

20 5.4 

21 6.8 

22 13.5 

23 8.9 

24 7.2 

25 6.7 

36 6.0 

27 5.9 

28 5.7 

2? 5.6 

» 5.4 

31 5.8 


I 

7.0  I  4.5 

6.5  4.4 
0.2  4.3 
6.0  4.2 

6.3  4.4 

6.0  4.4 

5.8  4.3 

5.6  4.3 
.■5.4  4.2 

5.1  4.2 

5.0  4.2 

4.9  4.5 

4.8  5.5 

4.7  6.5 

4.6  1  6.0 

4.9  I  6.2 

5.1  6.0 

5.4  6.5 

6.3  t>.85 
6.0  6.1 
5.9  5.9 

5.7  5.8 

5.4  ,  5.8 

5.2  i  5.7 
5.0  '  5.4 

4.8  '  5.0 
4.7  5.8 
4.6  5.8 

7.5 

5.8 

5.5 


4.3 
4.3 
4.3 
4.4 
4.3 
4.3 
5.0 
5.2 
4.8 
4.6 
4.4 
4.4 
4.4 
4.4 
4.3 
4.3 
4.3 
4.2 
4.2 
4.2 
4.2 
4.1 
4.1 


fl4.0 
4.0 
3.9 
5.4 
5.6 
5.0 
4.2 
4.2 
4.1 
4.1 
4.0 
4.0 
3.9 
3.9 
3.9 
3.9 
3.9 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 


3.6 

3.;  I 

3.7 
3.7 
3.7 

3.7 ; 

3.7 

-I 

3.7 

3.7 

3.7 

3.7 

3.7' 

3.7 

3.6 

3.6  I 

3.6  1 

3.6 

3.5 

3.5  , 

3.5  I 

3.5 

3.5 


4.7 

4.1 

3.8 

3.6 

4.6 

4.1 

3.7 

3.6 

4.5 

4.0 

3.7 

3.6 

4.4 

4.0 

3.7 

«3.6 

4.3 

4.0 

3.7 

3.6 

4.3 

4.0 

3.7 

3.6 

14. 3 

4.0 

3.6 

3.6 

.0 

3.6 

3.6 
3.6 
3.6 
3.6 
3.6  ! 
3.6 
3.6  : 
3.6 
3.6 
o3.6 
3.6 
3.6 
3.6 
3.5 
3.5  I 
3.5 
3.5 
3.5 

3.5  , 

3.6  . 
'»3.6 

3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.-' 


3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 

03.6 
3.6 
3.b 
3.6 

'»3.6 
3.6 
3.6 
3.6 
3.6 
3.6 

o3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 


3.7 
3.7 
3.7 
3.7 
3.7 
3.7 

.3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 

a3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 


Nov.  I  Dec. 


3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6  ' 
t 
3.6 

3.6 

3.6 

3.6 

3.6 

3.b 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

a3.6 

i 


3.6 

3.D 

3.0 
3.6 
3.6 
3.6 
3.6 
3.6 
3  6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.7 
3.8 
3.8 
3.8 
3.8 
3.8 
3.7 
3.7 
3.7 
4.0 
4.1 
3.9 
3.9 
03.9 
3.8 
3.8 
3.V 


« Interpolated 
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STREAM   MEASUREMKNTft   IN   1905,  PABT   XIII. 


Station  rating  tabie  for  Pvia  Creek  near  Guenoc,  Cal.,  from  January  1  to  December  SI,  1906. 


Gace 
height. 

Discharge. 

'  hel^t. 

1 

Feet. 

Discharge. ' 

Gage 
height. 

Discharge. 

!     Gafe 
1  hei^it. 

Discharge. 
Second^eeL 

Feet. 

Second-feel. 

Second-feet. 

Feet. 

Second-feet. 

1     Feet. 

3.50 

4 

\        5.00 

310 

6.50 

1,360 

9.00 

5,000 

3.60 

ID 

;     6.10 

350    1 

6.60 

1,450 

9.20 

5,400 

3.70 

18 

5.20 

395 

6.70 

1,545 

0.40 

5,800 

3.80 

28 

5.30 

445 

6.80 

1,640 

9.60 

6,230 

3.90 

42 

5.40 

500 

6.90 

1,740 

9.80 

6,600 

4.00 

58 

5.50 

560 

7.00 

1,840 

;       10.00 

7,150 

4.10 

75 

5.60 

625 

7.20 

2,060 

10.50 

8,300 

4.20 

03 

5.70 

095    1 

7.40 

2,290 

11.00 

9,450 

4.30 

112 

5.80 

770 

7.60 

2,540 

11.50 

10,600 

4.40 

133 

5.90 

850    1 

7.80 

2,820 

i      12.00 

11,800 

4.50 

156 

6.00 

930 

8.00 

3,130 

12.50 

13,000 

4.60 

181 

6.10 

1,010 

8.20 

3,460 

13.00 

H200 

4.70 

208 

r      6.20 

1,095 

8.40 

3,810 

14.00 

16,700 

4.80 

238 

6.30 

1,180 

8.60 

4,200 

4.00 

272 

6.40 

1,270    1 

8.80 

4,600 

1 
' 

Note.— The  above  table  is  based  on  17  discharge  measurements  made  during  1904-5.  It  is  well 
defined  between  gage  heights  3.5  feet  and  7  feet.  Above  7  feet  the  table  depends  on  2  measurements  at 
12  feet  and  13.7  feet.    Above  9  feet  the  table  is  the  same  as  for  1904. 

Estimated  monthly  discharge  ofPxiia  Creek  near  Guenoc ^  Cal.^  for  1905. 
[Drainage  area,  91  square  miles.] 


Month. 


January  — 
February... 
March ...... 

April 

May 

June 

July 

August 

September. 

October 

November. 
December- . 


Discharge  in  second-feet. 


I  I 

Maximum.  Minlmimi.  i    Mean. 


15,450 

1,840 

1,690 

39,5 

395 

625 

18 

10 

10 

18 

10 

75 


133  I 
181  I 

93 
112  I 

58 

10 
4  I 
4  I 

10 

10 

10 

10 


1,344 
619 
630 


120 
85.0 
12.4 
8.8 
10.0 
15.2 
10.0 
22.1 


Run-off. 


^l^^   I  Second-feet 
"'^^'®®'^'  !  per  square 
I       mile. 


82,640 

34,380 

38,740 

17,140 

7,379 

5,058 

762 

541 

595 

935 

505 

1,359 


14.77 
6.80 
6.92 
3.16 
1.32 
.934 
.136 
.097 
.110 
.167 
.110 
.243 


The  year. 


15,450  I 


2M 


190,100 


2.90 


Depth 
in  inches. 


17.03 
7.08 
7.96 
3.53 
1.52 
1.04 
.157 
.113 
.123 
.192 
.123 
.2SD 

39.17 


rUTA  CREEK  AT  WINTERB,  OAL. 

This  station  was  establislied  September  26,  190.5,  by  R.  S.  Hawley.  It  is  located  about 
450  feet  below  the  Southern  Paeific  Railroad  bridge  and  about  800  feet  southeast  of  the 
depot  at  Winters,  Cal. 

The  channel  is  straight  for  aljout  .500  feet  above  and  700  feet  below  the  cable  section. 
The  bed  of  the  stream  is  composed  of  coarse  gravel  and  is  liable  to  some  change  at  very 
high  stages,  but  at  ordinary  stages  it  is  not  subject  to  much  change.  The  current  is  shig- 
gi.sh  at  low  water,  but  is  swift  during  flood  stages.  There  is  a  growth  of  willows  and  cot- 
tonwoods  with  wild  grapevines  along  the  banks,  but  the  main  portion  of  the  channel  is  clear. 
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At  Teiy  hi^  flood  stages  the  water  spreads  out  over  the  left  bank  for  about  150  feet,  reach- 
ing nearly  to  the  foot  of  the  left  cable  support.  At  ordinary  stages,  however,  the  water 
remains  within  the  high  banks. 

\feasarements  are  made  during  low  water  by  wading  at  a  point  about  400  feet  above  the 
bridge,  but  for  hi^er  stages  a  cable  and  car  are  used.  The  cable  has  a  span  of  280  feet. 
For  float  measurements,  a  course  2^  feet  long  has  been  marked  off  by  setting  posts  painted 
white,  250  feet  above  and  parallel  with  the  cable.  Floats  can  be  dropped  from  the  railroad 
bridge  above  and  timed  from  these  posts  to  the  cable.  The  initial  point  of  soundings  is  a 
bolt  in  the  trunk  of  the  oak  tree  to  which  the  cable  is  fastened  on  the  right  bank. 

llie  gage  consists  of  a  series  of  timbers  painted  white  and  located  under  the  cable.  The 
first  or  low-water  section  is  on  the  right  bank,  and  is  nailed  vertically  to  the  trunk  of  a  Cot- 
tonwood tree.  It  has  a  range  of  about  6  feet.  The  second  section  is  on  the  left  bank  and 
is  nailed  vertically  to  the  stump  of  a  cottonwood  tree.  The  third  section  is  an  incUned  rod 
anchored  on  the  left  bank  with  posts.  The  fourth  section  is  on  an  eucalyptus  tree  on  top  of 
left  bank.  During  1905  the  gage  was  read  once  each  day  by  Roy  Wyatt.  Bench  marks 
were  established  as  follows:  (1)  A  standard  United  States  Geological  Survey  bench  mark, 
located  150  feet  south  of  the  depot.  Its  elevation  as  marked  on  the  copper  plate  is  131  feet, 
39.23  feet  above  the  datum  of  the  gage.  (2)  A  square-headed  bolt  in  concrete,  3  feet 
aouth  of  the  left  cable  support;  elevation,  37.27  feet  above  the  datum  of  the  gage. 

Discharge  measurements  ofPvia  Creek  at  Winters,  Col.,  in  1906. 


Dftte. 


S^tember  13 . . 
Septemter  26 . . 
November  15.  . 


Hydrographcr. 


W.  B.Clapp 

Hawlcy  and  Lee. 
R.  S.  Hawley.... 


Width 


Feet. 
16 
16 
16 


Area  of 
aection. 


Sq.ft. 
8.0 
8.8 
8.8 


Mean     |     Oaee 
velocity.  I  height. 


Ft.  per  ««c.l     Feet. 
1.09 
.97 
1.33 


4.39 
4.42 


Dia- 
charge. 


8ec.-ft. 
8.7 
8.5 
11.7 


DaUy  gage  heightj  in  feet,  ofPvta  Creek  at  Winters,  Cal.,for  1906. 


Day. 


Sept. 


J 

•> 

3 

4 • 

5 

6 

t 

s :. 

y.  . 

10 

II *.... 

12 

13 1 

H 

15 

16 

Oct.    I   Nov.       Pec. 


4.4 

4.4 

4.6 

4.4! 

4.4 

4.G5 

4.4 

4.4 

4.6 

4.4 

4.4 

4.6 

4.4 

4.4 

4.6 

4.4 

4.4 

4.6 

4.4 

4.4 

4.55 

4.4 

4.4 

4.55 

4.4  1 

4.4 

4.55 

4.4  1 

4.4 

4.5 

4.4 

4.4 

4.5 

4.4; 

4.4.5 

i.5 

4.4 

4.45 

4.5.5 

4.4  i 

4.45 

4.55 

4.4 

4.45 

4.55 

4.4! 

4.45 

4.5.5 

1 

Day. 

Sept. 

In     

',  18 , 

1                                     1 

1    19 ' 

'   20 1 

1 
21 ' 

,l22 1 

!  23 

i    24 

'25 

'    26     .    . 

4.4 

1    27 

4.4 

28 

4.4 

I    29 

4.45 

30 

4.4 

'    31 

Oct. 


4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 


Nov. 


4.45 

4.45 

4.45 

4.45 

4.45 

4.45 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.6 

4.6 


Dec. 

4.55 

4.6 

4.6 

4.6 

4.6 

4.6 

4.6 

4.6 

4.6 

4.6 

4.6 

4.6 

4,6 

4.6 

4.6 
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SAN  JOAQUIN  RIVER. 

DESCRIPTIOX   OF   RIVER. 

San  Joaquin  Rlrer  is  divided  into  two  distinct  parts.  The  valley  portion  fonns  the 
central  drainage  lino  of  San  Joaquin  Valley,  and  during  the  spring  is  navigable  for  100 
miles  or  more.  Stanislaus,  Tuolumne,  Merced,  and  Kings  rivers  are  the  lai^gest  streams 
in  this  portion  of  the  drainage  basin.  The  waters  of  Kings,  Kaweah,  Tule,  and  Kern 
rivers,  which  are  located  in  tlie  portion  of  San  Joaquin  Valley  lying  to  the  south  and  east 
of  Fresno,  although  forming  a  portion  of  the  drainage  of  San  Joaquin  River,  seldom  reach 
this  stream.  Their  entire  flow,  except  in  extreme  flood,  is  diverted  and  used  for  irrigation 
at  points  where  they  emerge  from  the  foothills.  The  valley  is  fertile  and  almost  destitute 
of  timber.  Tlie  mountainous  portion  of  the  stream  drains  the  western  slope  of  the  Sierra 
Nevada  between  the  Merced  River  on  the  north  and  Kings  River  on  the  south,  the  crest  of 
its  divide  reaching  an  elevation  of  13,000  feet  in  Mount  LycU  and  an  elevation  of  UffX) 
feet  in  Mount  Goddard.  Tliere  are  numerous  tributaries  in  this  portion  of  the  drainage 
basin,  many  of  which  have  their  source  in  the  higli  elevations.  The  formation  is  of  granite, 
which  in  the  upper  reaches  is  bare  and  sharply  marked  by  glacial  action.  The  middle 
reaches  of  the  basin  are  well  limbered,  the  timber  diminishing  on  the  lower  foothills,  which 
have  a  covering  of  brush  and  grass.  The  precipitation  takes  the  form  of  snow  on  the 
liigher  elevations.  The  fall  of  the  river  is  rapid,  with  many  favorable  locations  for  power 
development.  There  are  numerous  lakes  in  the  upper  reaches  of  the  basm.  A  storage 
reservoir  has  been  constructed  on  North  Fork,  which  will  tend  to  further  regulate  the  flow 
of  the  river. 

SAN  JOAQUIN  RIVER  AT  IIERNDON,  CAX. 

Hie  gage  rod  at  this  station  was  established  by  the  engineering  department  of  the  South- 
em  Pacific  Railroad  Company  in  1879.  The  old  trestle  bridge  was  torn  down  by  the  rail- 
road company  during  1899  and  a  new  iron  structurt*  was  erected  in  its  place.  IV.  new  gage 
rod,  set  to  the  datum  of  the  old  gage,  was  bolted  to  the  western  side  of  the  central  concxete 
pier.  The  bench  mark  is  a  nail  in  a  pwit  at  the  south  end  of  the  bridge  on  the  west  side,  0.2 
foot  above  the  ground,  and  marked  "  B.  M."  It  is  at  an  elevation  of  24.12  feet  above  gage 
datum. 

The  channel  for  some  distance  above  and  below  the  bridge  is  straight,  and  the  water  has 
a  uniform  velocity.  Tlie  right  bank  is  high,  rocky,  and  steep.  The  bed  of  the  stream  is 
composed  of  small  gravel  and  shifting  sand.  Because  of  the  continual  changes  in  the  cross 
section,  which  were  increased  by  a  side  channel  breaking  through  the  grav(4  pits  on  the 
left  bank  of  the  river  just  above  the  gaging  station,  meter  measurements  were  discontin- 
ued at  this  station  at  the  end  of  1901. 

The  river  stage  record  for  1905  has  l>een  furnished  by  William  Hood,  cJiief  engineer  of  the 
Southern  Pacific  Railroad  Company.     G.  G.  Nelson  was  the  observer. 
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Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  81,85i 
100,  and  134  of  the  United  States  Geological  Survey. 

DaUy  gage  heighty  in  feet,  of  San  Joaquin  River  at  Hemdonj  Cal.ffor  1906. 


i>*y. 


Jan.      Feb.     Mar.     Apr.     May.  1  June.    July.     Aug.     Sept.     Oct.     Nov.    Dec. 


9.. 
10.. 
II.. 
12.- 
13.. 
14.. 
15.. 
16.. 
17.. 
W.. 
19.. 
3).. 
21.. 
22.. 

a.. 

24.. 
25.. 

a.. 

27.. 
28.. 
29.. 
»-. 
31.. 


3.5 

3.5 

3.3 

3.25 

3.15 

3.15 

3.15 

3.15 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.3 

3.15 

3.1 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 


3.0 

3.15 

4.6 

4.4 

4.3 

4.75 

4.5 

4.0 

3.75 

3.5 

3.5 

.3.5 

3.4 

3.3 

3.3 

3.25 

3.15 

3.15 

3.15 

3.15 

3.15 

3.15 

3.15 

3.15 

3.15 

3.15 

3.15 

3.15 


3.0 

4.1 

4.25 

4.25 

4.25 

4.15 

4.15 

4.25 

4.3 

4.3 

4.5 

4.5 

4.5 

7.15 

5.5 

5.0 

5.0 

5.0 

5.0 

6.5 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.25 

5.0 

5.0 

4.75 

4.7 


4.5 

4.5 

4.5 

4.5 

5.0 

5.25 

5.3 

5.5 

6.65 

5.75 

5.6 

5.5 

5.3 

4.75 

4.7 

5.1 

5.25 

5.0 

5.0 

5.0 

4.75 

5.0 

5.0 

5.0 

5.0 

5.5 

5.5 

6.0 

6.0 

6.15 


7.0 

6.75 

6.6 

6.0 

5.5 

5.5 

5.65 

5.65 

6.0 

5.5 

5.5 

5.5 

5.5 

5.5 

6.0 

7.0 

8.5 

8.75 

9.65 

8.25 

8.6 

8.25 

8.3 

8.1 

8.25 

8.5 

8.3 

7.65 

7.65 

6.6 

6.75 


6.75 

6.6 

6.6 

6.75 

6.75 

6.4 

6.3 

7.15 

7.4 

7.4 

7.5 

8.3 

8.75 

8.0 

8.0 

7.75 

8.0 

8.25 

8.75 

8.3 

7.75 

8.0 

7.5 

7.15 

6.5 

6.65 

6.5 

6.5 

6.5 

6.6 


6.1 

6.0 

5.75 

6.0 

6.0 

5.75 

5.5 

5.3 

5.3 

5.2 

5.15 

5.1 

5.0 

4.75 

4.75 

4.65 

4.65 

4.65 

4.65 

4.5 

4.5 

4.5 

4.5 

4.3 

4.3 

4.3 

4.25 

4.0 

3.75 

3.6 

3.6 


3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.4 

3.4 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

3.25 

3.25 

3.25 

3.25 

3.25 

3.25 

3.25 

3.15 

3.15 

3.15 

3.15 

3.15 

3.15 

3.15 

3.15 

3.15 


3.15 

3.1 

3.0 

3.0 

2.9 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.65 

2.a5 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 


2.5 
2.5 
2.5 
2.6 
2.6 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 
2.5 
2.6 
2.5 
2.6 
2.6 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 


2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.6 


2.6 

2.65 

2.66 

2.6 

2.6 

2.6 

2.6 

2.6 

2.5 

2.6 

2.5 

2.6 

2.5 

2.6 

2.6 

2.6 

2.6 

2.5 

2.6 

2.6 

2.76 

2.76 

2.76 

2.76 

2.76 

2.76 

2.75 

2.75 

2.75 

2.75 

2.65 


Note.— Gage  heights  reduced  to  feet  and  tenths  from  foot  and  Inches  as  furnished  by  Southern  Pacific 
Railroad  Company. 

MISCELLANEOUS   MEASUREMENTS  IN  SAN  JOAQUIN  RIVER  DRAINAGE 

BASIN. 

Pitman  Creek. — ^This  stream  is  tributary  to  the  San  Joaquin  River  through  Big  Creek. 
An  estimate  was  made  of  the  discharge  below  the  mouth  of  Tamarack  Creek  on  Septem- 
ber 2, 1905,  by  R.  S.  Hawley. 

Dischai^,  1.5  second-feet. 

Home  Camp  Creek. — ^Tliis  stream  is  tributary  to  the  San  Joaquin  River  through  Big  Creek, 
which  it  enters  at  Home  Camp  meadow.  A  measurement  was  made  on  this  creek  on  Sep- 
tember 2,  1905,  100  feet  above  ite  mouth,  by  R.  S.  Hawley. 

Width, 3.0  feet;  area,  0.8  square  foot;  mean  velocity,  1.12  feet  per  second;  dischai^e, 
0.90  second-foot. 

Big  Creek. — This  stream  is  tributary  to  San  Joaquin  River. from  the  east.  A  measure- 
ment was  made  100  feet  above  the  mouth  of  Home  Camp  Creek  on  September  2,  1905,  by 
R.S.  Hawley. 

iKR  177—06 13 
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Width,  4.5  feet;  area,  1.9  square  feet;  mean  velocity,  2.53  feet  per  second;  discharge,  4.8 
second-feet. 

Discharge  below  the  mouth  of  Home  Camp  Creek  was  5.7  second-feet. 

SmaU  Creek. — ^This  is  a  small  creek  which  enters  the  South  Fork  of  the  San  Joaquin  from 
the  south  at  Mono  crossing.  A  measurement  was  made  at  the  Mono  trail  crossing  about 
.  1,000  feet  above  its  mouth  on  September  4, 1905,  by  R.  S.  Hawley. 

Width,  2.8  feet;  area,  1.1  square  feet;  mean  velocity,  1.18  feet  per  second;  discfaar;^, 
1.3  second-feet. 

SoMih  Fork  of  San  Joaquin  River. — ^This  is  the  principal  tributary  of  the  San  Joaquin 
River  from  the  south.  A  measurement  was  made  September  4, 1905,  at  the  Mono  crossing 
by  R.  S.  Hawley. 

Width,  60  feet;  area,  94  square  feet;  mean  velocity,  1.11  feet  per  second;  discharge,  1(M 
second-feet. 

Mono  Creek. — This  stream  is  tributary  to  South  Fork  of  San  Joaquin  River  from  the  east. 
A  measurement  was  made  at  the  Mono  Trail  crossing,  about  2  miles  above  its  mouth,  on 
September  4,  1905,  by  R.  S.  Hawley. 

Width,  44.5  feet;  area,  37  square  feet;  mean  velocity,  1.17  feet  per  second;  discbaii^, 
43  second-feet.  * 

Fish  Creek. — This  stream  is  the  principal  tributary  of  the  Middle  Fork  of  the  San  Joaquin 
from  the  south  about  10  miles  above  the  junction  of  the  Middle  and  South  forks.  A  measure- 
ment was  made  on  September  6, 1905,  at  the  trail  crossing,  about  3  miles  above  its  mouth, 
by  R.  S.  Hawley. 

Width,  29  feet;  area,  36  square  feet;  mean  velocity,  1.42  feet  per  second;  discharge,  51 
second-feet. 

Middle  Fork  of  San  Joaquin  River. — ^This  stream  drains  the  northeastern  portion  of  the 
San  Joaquin  watershed.  A  measurement  was  made  on  September  6,  1905,  at  the  Devils 
Post  Pile  at  the  trail  crossing  by  R.  S.  Hawley. 

Width,  42  feet;  aren,  41  square  feet;  mean  velocity,  0.90  foot  per  second;  dischai^,37 
second-feet. 

Reds  Creek. — This  stream  enters  Middle  Fork  of  San  Joaquin  River  one-half  mile  below 
the  Devils  Past  Pile.  A  measurement  was  made  September  6,  1905,  at  the  Manunoth  trail 
crossing,  one-fourth  mile  above  its  mouth,  by  R.  S.  Hawley. 

Width,  9  feet;  area,  4.2  square  feet;  mean  velocity,  0.93  foot  per  second;  dischai^,  3.9 
second-feet. 

King  Creek. — This  stream  enters  Middle  Fork  of  San  Joaquin  River  near  Rainbow  Falk 
An  estimate  was  madeof  the  discharge  one  mile  above  its  mouth>  at  Mammoth  trail  crossing, 
on  September  7,  1905,  by  R.  S.  Hawley. 

Discharge,  3.5  second-feet. 

Mugler  Creek. — This  stream  enters  the  San  Joaquin  River  from  the  north.  On  September 
7,  1905,  an  estimate  of  the  discharge  was  made  at  the  trail  crossing,  one-half  mile  below 
Mugler  Meadow,  by  R.  S.  Hawley. 

Discharge,  3.0  second-feet. 

Stevenson  Creek. — This  stream  enters  the  San  Joaquin  River  4  miles  northwest  of  Shaver 
post-office.  A  measurement  was  made  one-fourth  mile  above  the  head  of  Shaver  Lake  on 
September  2, 1905,  by  R.  S.  Hawley. 

Width,  8  feet;  area,  3.2  square  feet;  mean  velocity,  1.22  feet  per  second;  dischaiige,  3.9 
second-feet. 

North  Fork  of  the  San  Joaquin  River. — This  stream  enters  the  San  Joaquin  River  4  miles 
below  the  junction  of  the  Middle  and  South  forks.  A  measurement  was  made  on  September 
7,  1905,  150  feet  below  the  bridge,  at  the  trail  crossing,  3  miles  above  its  mouth. 

Width,  31  feet;  area,  27  square  feet;  mean  velocity,  1.33  feet  per  second;  discharge,  36 
second-feet. 
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Nwih  Fork  of  WiUow  Creek. — This  stream  enters  the  San  Joaquin  from  the  north.  A 
measurpment  was  made  on  September  9,  1905,  at  *'The  Pines,"  IJ  miles  above  reservoir 
dam,  by  R.  S.  Hawle^^ 

Width,  7  feet:  area,  3.6  square  feet;  mean  velocity,  1.19  feet  per  second;  discharge,  4.3 
>vcond-feet. 

San  Joaquin  Hirer  at  the  San  Joaquin  poutr  houm.~A  measurement  Was  made  on  this 
i^ream  on  September 9,  1905,  one-half  mile  below  the  power  house,  by  R.  S.  Hawley.  This 
mnsurpment  includes  practically  the  total  flow  from  the  whole  drainage  area  of  the  San 
Joaquin  River  about  this  point. 

Width,  148.5  feet;  area,  226  square  feet;  mean  velocity,  1.37  feet  per  second;  discharge, 
310  second-feet. 

KERX    RIVER   DRAINAGE    BASIN. 
DESCRIPTION  07  BA8IK. 

Kem  River  drains  2,345  square  miles  of  the  western  slope  of  the  Sierra  Nevada  at  its 
extreme  southern  limits.  This  drainage  basin  is  the  largest  of  any  stream  discharging  into 
the  San  Joaquin  Valley,  it  having  an  area  600  square  miles  greater  than  that  of  the  Kings 
Rivpr.  It  has  its  source  in  the  highest  elevations  of  the  Sierra  Nevada,  draining  the  western 
ftnd  southern  slopes  of  Mount  Whitney  and  numerous  other  high  granite  peaks  grouped 
about  it ,  which  reach  elevatioas  of  over  14,000  feet.  Its  general  direction  is  south  for  about 
55  miles  when  it  turns  and  flows  in  a  southwest<»rly  direction,  disciiarging  into  the  San 
•loaquin  Valley  east  of  Bakers6eld,  Cal.  Extending,  as  it  does  in  its  upper  reaches,  for  some 
distance  parallel  with  the  Sierra  Nevada,  it  receives  waters  not  only  from  the  main  crest  on 
Ihe  east,  but  also  from  a  somewhat  lower  divide  on  the  west  behind  the  blwinsof  the  Kaweah 
and  Tule  rivers.  It  has  numerous  tributaries,  the  principal  ones  entering  from  the  east, 
which  drain  the  higher  elevations  of  the  main  crest  of  the  Sierra  Nevada.  The  topography 
\<  extremely  rough  and  broken  in  the  upper  reaches  of  this  basin,  becoming  less  rugged  in  the 
middle  portion  in  the  vicinity  of  Kemville,  where  there  is  quite  an  extensive  valley  with 
considerable  cultivated  land;  below  this  point  the  stream  enters  a  rough  canyon,  finally 
discharging  into  the  flat  country  of  the  San  Joaquin  Valley.  The  entire  flow,  except  during 
extreme  flood  stages,  is  diverted  and  used  for  irrigation  at  points  where  streams  emerge  from 
(he  foothills. 

The  formation  is  of  granite,  which,  above  the  10,000-foot  contour,  is  practically  bare  of 
timber  growth.  Between  elevations  of  3,000  and  10,000  feet  there  is  a  good  depth  of  soil, 
with  timber  and  brush  covering;  the  lower  reaches  have  a  light  covering  of  brush  and  grass. 

There  are  several  lakes  and  marshes  scattered  throughout  this  basin,  but  they  are  less 
numerous  than  in  the  basins  farther  to  the  north.  Several  power  plants  are  located  on  this 
^reani,  none  of  which,  however,  receive  water  from  storage  re.ser\oirs,  the  diversions  being 
made  from  the  natural  flow  of  the  river  and  again  returned  to  the  river  channel.  The  pre- 
cipitation is  very  light  throughout  this  basin,  with  the  possible  exception  of  the  high  eleva- 
tions surrounding  Mount  Whitney,  where  the  snow  remains  through  the  summer  months. 

KSRM  BIVEB  VEAE  BAKERSFIZLD,  OAL. 

This  station,  established  in  1893  by  Walter  James, chief  engineerof  the  KemCounty  Land 
Company,  is  located  at  what  is  known  as  "first  point  of  measurement,"  5  miles  above 
BakersBeld  and  at  the  mouth  of  the  canyon  of  the  river. 

Regular  meter  measurements  are  taken,  and  an  automatic  gage  records  daily  fluctuations 
<»f  the  river  heights.  A.  K.  Warren,  the  engineer  in  charge  of  this  work  for  the  Kern  County 
Land  Company,  attends  to  the  discharge  measurements  with  accuracy  and  precision  and 
furnishes  the  Geological  Survey  with  the  final  results. 
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Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Noe.  81,  85, 
100,  and  134  of  the  United  States  Geological  Survey. 

DaUy  discharge,  in  second-feet,  of  Kern  River  near  Bakersjidd,  Cal.,  for  1905. 


Day. 


1. 

2. 

3. 
-4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
10. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30 
31 


JaJ 

1 

Feb. 

Mar. 

Apr. 

«, 

305 

435 

799 

285 

326 

458 

848 

272 

435 

480 

934 

278 

486 

500 

997 

290 

517 

512 

1,047 

281 

503 

530 

1,070 

269 

452 

545 

1,103 

272 

391 

593 

1,138 

270 

364 

616 

1,185 

276 

365 

609 

1,119 

280 

351 

613 

r,186 

272 

338 

631 

1,180 

266 

334 

785 

1,052 

246 

317 

1,154 

971 

255 

317 

974 

952 

255 

361 

996 

991 

260 

398 

1,143 

995 

269 

434 

1,140 

1,052 

277 

417 

1,009 

1,121 

273 

413 

1,309 

1,058 

305 

401 

1,073 

992 

329 

386 

957 

964 

343 

390 

888 

920 

311 

397 

871 

895 

301 

410 

900 

936 

298 

420 

929 

1,033 

281 

432 

999 

1,070 

276 

434 

978 

1,067 

271 

919 

1,157 

276 

1,051 

1,451 

284 

013 

May. 

1,700 
1,713 
1,743 
1,633 
1.542 
1,517 
1,453 
1,531 
1,461 
1,418 
1,367 
1,300 
1,298 
1,317 
1,425 
1,649 
1,949 
2,312 
2,350 
2,528 
2,549 
2,625 
2,558 
2,412 
2,456 
2,560 
2,598 
2,378 
2,120 
1,962 
1,930 


June. 


1,953 
1,979 
1,932 
1,931 
1,919 
1379 
1,997 
2,154 
2,150 
2,066 
2,200 
2,567 
2,923 
2,978 
3,039 
2,033 
2,948 
2,747 
2,569 
2,555 
2,547 
2,539 
2,408 
2,154 
1,835 
1,690 
1,685 
1,617 
1,584 
1,563 


July. 

Aug. 

1,520 

427 

1,422 

413 

1,313 

403 

1,226 

394 

1,215 

376 

1,218 

362 

1,171 

345 

1,157 

356 

1,115 

358 

1,130 

351 

1,125 

349 

1,092 

349 

1,038 

352 

958 

352 

886 

345 

799 

338 

Sept.  Oct. 


748 
717 
665 
628 
634 
597 
578 
558 
557 
548 
536 
532 
520 
488 
451 


233 
229 
224 
213 
216 
215 
217 
220 
218 


327  I 

319 

318 

308 

286 

279 

267 

269 

286 

285 

282 

271 

270 

265 

250 


205 
226 
227 
208 
196 
190 
181 
175 
176 


208 
218 
225 
221 
218 
215 
215 
208 
203 
197 
104 
195 
196 
201 
204 
214 
200 
205 
205 


207  ;     186 
202       192 


199 
206 
206 
202 
199 
203 
194 
198 
215 
218 
217 
221 
230 
226 
218 
217 
221 
222 
224 
226 


Nov.    Dec. 


23U 

227, 

221 

218 

215 

216 

231 

217 

225 

227 

230 

232 

233  j 

228  ! 

223 

234 

240  ; 

257  i 

263 

262 

247  j 

243  I 

230, 

227 

237 ; 


230 


2S3 
281 
276 
2» 
277 
271 
367 
275 
27S 
2M 
264 
278 
265 
241 
244 
240 
238 
246 
29) 
266 
285 
272 
255 
233 
221 
239 


253        265 
259        262 


263 

271 

245 

255 

.... 

257 
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EntimaUd  monthly  discharge  of  Kern  River  near  Bakerafiddy  Cal.y  for  1906, 
[Drainage  area,  2,345  square  miles.] 


Month. 


J&noary  

Ffbroary 

Marth 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discbarge  In  seeond-feet. 


Maximum. 


343 

517 

1,300 

1,451 

2,625 

3,030 

1,520 

427 

233 

230 

263 

286 


Minimum. 


Mean. 


246, 
305* 
435 
790 
1,208 
1,563 
451 
25a 
104 
175 
215 
221 


281 

306 

823 

1,043 

1,015 

2,235 

876 

327 

211 

207 

236 

261 


175 


734 


Total  in 
acre-feet. 


17,280 
21,000 
50,600 
62,060 
117,800 
133,000 
53,860 
20,110 
12,560 
12,730 
14,040 
16,050 


532,100 


Run-off. 


Second-feet 
per  BQuare 


0.120 
.160 
.351 
.445 
.817 
.053 
.374 
.130 
.000 
.068 
.101 
.111 


.313 


Depth 
in  inches. 


0.138 
.176 
.405 
.406 
.042 

1.06 
.431 
.160 
.100 
.101 
.113 
.128 


4.25 


TULE  RIVER  DRAINAGE   BASIN. 
DXBORIFTXON  07  BASIV. 

Tule  River  rises  in  the  Sierra  Nevada,  and  drains  the  country  between  the  Kaweah 
River  on  the  north  and  the  Kem  River  on  the  south  and  east.  Its  drainage  area  is  much 
leas  than  that  of  the  Kaweah  River,  although  of  the  same  general  character.  It  has  numer- 
ous small  tributaries,  few  of  which  have  their  source  at  elevations  above  8,000  feet.  Its 
drainagG  basin  does  not  extend  back  to  the  main  divide,  being  cut  off  by  the  Kem  River, 
which  reaches  to  the  north  and  drains  the  higher  portion  of  Sierra  Nevada  to  the  east  of 
Tule  River.  There  is  good  timber  and  brush  covering  on  the  higher  and  middle  elevations, 
with  grass  and  scattering  timber  on  the  lower  elevations,  where  the  soil  is  extensively  culti- 
vated. Below  the  gaging  station  the  water  is  diverted  by  several  canals  and  used  for  the 
irrigation  of  land  in  the  vicinity  of  Portersville,  which  is  especially  adapted  for  the  raising  of 
citrus  fruits,  such  as  oranges  and  lemons.  During  the  flood  period  the  water  discharges 
through  an  old  channel,  and  either  sinks  in  the  sand  or  finds  its  way  to  the  old  bed  of  Tulare 
Lake. 

The  mean  precipitation  in  this  watershed  is  probably  not  more  than  20  inches,  and  falls 
principally  in  the  form  of  rain. 

TULE  RIVER  NEAR  PORTERSVILLE,  OAL. 

This  station  was  established  April  8,  1901.     It  is  located  about  8  miles  east  of  Porters- 
ville near  the  McFarland  ranch,  100  feet  below  wagon  bridge  and  about  1  mile  above  the 
mouth  of  the  South  Fork  of  Tule  River. 

The  channel  is  straight  for  200  feet  above  and  below  the  cable  section.*  The  right  bank  is 
high  and  not  subject  to  overflow.  The  left  bank  is  subject  to  overflow  at  flood  stages.  The 
bed  of  the  stream  is  composed  of  gravel,  with  some  large  rocks,  but  is  not  subject  to  much 
change. 

Disehaige  measurements  during  medium  and  high  water  are  made  from  a  car  and  cable; 
tt  low  water  measurements  are  made  by  wading. 

The  gage  is  a  staff  in  two  sections  on  the  right  bank  under  the  cable  The  lower  section  is 
iodined  and  fastened  to  posts  set  in  the  ground.  The  higher  section  is  vertical  and  nailed 
to  the  tree  through  which  the  cable  passes.     During  1905  the  gage  was  read  by  Adah 
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McFarland.  Bench  marks  were  established  as  follows:  (1)  A  cross  on  the  top  of  a  bowlder 
on  the  right  bank  of  the  river  between  the  Cdbl3  and  the  bridge;  elevation,  13.10  feet.  (2; 
A  point  marked  with  white  paint  on  a  dark  granite  bowlder  55  feet  south  of  the  rock  pier  of 
the  bridge;  elevation,  10.05  feet.     Elevations  refer  to  the  datUm  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  81,  85. 
100,  and  134  of  the  United  States  G?ological  ^Survey . 


Discharge  mewturemerUs  of  TvU  River  near  PortentmUe,  C(d.,  in  1905. 


Date. 


Hydrographer. 


Width 


March  22 '  F.  R.  S.  Biitteiner. 

May  19 '  R.  S.  Hawley 

June  13 do 

July  26 ; do 

SeptemberlS.  '  C.  H.  Lee 


September  26 . .  j  Clapp  and  Holley . 
October  25 '  Hawley  and  Lee . . 


Feet. 
71 
77 
69 
.•«1 
26 
24 

an 


Area  of 


Mean 


section,     velocity. 
Sq.ft.    \Ft.persec.^ 


107  j 
152  I 
97  i 

26; 

17 
16  , 
22 


2.05 
2.34 
1.68 

..58 
.50 
.70 


hei^t.   I 

FeH. 
2.50  j 
3.00 
2.27 
1.16 
.92 
.91 
1. 10 


Dis- 
charge. 

Sec-ft. 

219 

.155 

1& 

25 

10 

S.0 

1.5.5 


Day 


Daily  gage  height,  in  feel,  of  Tule  Riv>er  near  PorlersviHe,  Col.,  for  190o. 

June. 


8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 
^17. 

18. 

19., 

20., 

21. 
122. 

23. 

24. 

25. 

26. 

27., 

28., 

29., 

30., 

31.. 


Jan. 

1.7 

1.7 

1.65 

1.6 

1.6 

1.6 

1.5.'". 

1.55 

1.5 

1.5 

1.5 

1.4>'i 

1.45 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4     I 

1.4  I 
1.6 
1.6 

1.5  ; 
L5^ 
1.5     J 
1.5    I 
1.5    I 
1.5 
1.5 
1.45 
1.4 


Feb.  I  Mar.  j  Apr.     May. 


65  .     1 


2.3  I 

2.4  I 

2.5  i 
2.6 
2.55  . 
2.5.5  1 
2.  .55 
2. 5 
2.5 

2.4  I 
2.3.5 
2,3    ! 

2.;ci 
2..^5 

2.4 

2.:i5  I 

2.3  I 
2.3 

2.5  j 
2.45  \ 
2.45  \ 
2.4 

2.4  . 
2.35 

2.4  ; 
2.4  ; 
2.45 ; 

2.5 

2.6  ; 
2.7 


2.5 

3.0 

2.9 

2.8 

2.5 

2.5 

.3.05 

.3.2 

2.95 

2.H.5 

2.8 

2. 75 

2.7 

2.9 

.3.0 

3. 2 

3.3 

.3.1 

3.0    , 

.3.0  ; 

2.a5  ! 
2.8     ' 

2.7  I 
2.75  1 

2.8  I 
2.8  I 
2.8 
2.75 
2.7  ; 
2.a5  ! 
2.6 


2.55 

2.55 

2.5 

2.45 

3.45 

2.45 

2.4 

2.  .35 

2.35 

2.3 

2.3 

2.4 

2.35 

2.3 

2.25 

2.25 

2. 1 

2.0 

i.a5 

1.9 

1.K5 

1.8 

1.8 

1.8 

1.9 

1.85 

i.a5 

1.8 
1.8 
1.75 


I 


July. 

1.7 
1.7 

i.a5 

1.6 

1.55 

1.5 

1.45 

1.4 

1.4 

1.4 

1.4 

1..35 

1..^5 

1.3 

1.3 

1.3 

1.25 

1.2.5 

1.2 

1.2 

1.2 

1.15 

1.15 

1.1 

1.1 

1.15 

1.1 

1.1 

1.15 

1.06 

1.05 


Aug. 

1.05 
1.05 
1.05 
1.05 
1.05 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
.95 
.95 
.<I5 
.95 
.95 
.ft5 

.a5 

.95 
.95 

.a5 

.95 
.05 
.95 

.a5 

.95 

.95 

.9 

.9 

.9 

.9 


Sept. 


0.9 


.9 
.9 


Oct.    1  Nov.     IKC. 


1.1 

1.06 

1.05 

1.0 

LO 

1.0 

1.0 

1.0 

1.05 

1.05 


l.ft5 

1-1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.15 

1.15 

1.15 


.a5 

1.0 

1.15 

.a5 

1.0 

1.15 

.ft5 

.95 

1.15 

1.0 

1.0 

1.  15 

.95 

1.0 

1.2 

.9.5 

LO 

1.2 

.95 

1.0 

1.3 

.95 

LO 

1.3 

.95 

LO 

1.3 

.95 

LO 

1.7 

.95 

1.0 

1.7 

.95 

LO 

1.05 

.a5 

1.0 

1.6.5 

.9.5 

1.0 

1.^5 

.ft5 

1.0 

1.6 

.a5 

1.0 

1.6 

.95 

LO 

2.1 

1.0 

1.0 

1.95 

1.0 

LO 

1.85 

LO 

1.05 

1.9 

l.a5 

1.9 
1.85 
LM 
L8 
'  L8 
1.8 
1.8 

1  .s 

1.8 
1.8 
1.8 
1.8 
1.8 
LH 
1.8 
1.8 
1.8 
}.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.85 
1.85 
l.P 

2.0 

2.0 

2. 1 

2.1 

2.1 
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Station  rating  table /or  T\de  Rxver  near  PortersviUe,  Oal.yfrom  Janwary  1  to  December  31  ^ 

1905. 


0»ge 

height. 

Feet. 
0.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.00 
1.70 


Discharge. 

Second-fed. 
I  7 

!  12 

18 
24 
31 
38 
46 
56 


Iff 

Discharge. 

,„ 

Second-feet. 

1.80 

82 

1.90 

98 

2.00 

115 

2.10 

133 

2.20 

152 

2.30 

173    ' 

2.40 

195 

2.50 

219 

2.60 

244    1 

( 

id^l  JDi-ebarge. 


heigl 


Feet. 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 


Second-feet.^ 

270  ] 
297 

325  , 

355  ' 
386 
419 

455  I 

494  I 

537  I 


Oage 
height. 

Feet. 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 


!  Discharge. 

Second-feet. 
581  * 
626 
672 
720 
770 
822 


NOTK.— The  above  table  \%  based  oo  seve^  discharge  measurements  made  during  1905.    It  is  we!l 
defined  between  gage  heights  0.9  foot  and  3  feet. 

Egtimated  monthly  discharge  of  Tide  Rir,er  near  PortersmUe^  Col. ^  for  1905. 
[Drainag*  area,  437  square  miles.] 


Discharge  in  second-feet. 


Month. 


January 

February 

March 

April 

Msy 

June 

July 

.\llgUBt 

September 

October 

November 

Deoemter 

The  year. 


um. 

Mmimum. 

68 

38 

173 

42 

822 

68 

270 

173 

455 

219 

232 

75 

68 

15 

15 

7 

12 

7 

18 

8 

133 

15 

133 

82 

Mean. 


Total  in 
acre-feet. 


Run-off. 


47.4 
75.9 
230 

205      ' 

313      I 

146      I 

32.9  ' 

9.8  I 

8.2 

12.6  ' 

42.4  I 

94.2  ' 


2,914 

4,215 

14,140 

12,200 

19,250 

8,688 

2,023 

603 

488 

775 

2,523 

5,792 


Second-feet 
per  sQuare 


I    Depth 
in  inchea. 


1 

0.108 

0.124 

.174 

.181 

.526 

.606 

.469 

.523 

.716  { 

.826 

.334 

.373 

.075  ' 

.086 

.022  1 

.025 

.019  1 

.021 

.029  I 

.033 

.097 

.108 

.216 

.249 

822 


101 


73.610 


.232 


3.16 


MIBCELLAKBOVS  MEASUBEMENTS  IK  TTTLE  BIVEB  DKAINAOE  BASIK. 

South  Fork  of  TvJt  River  near  Success,  Col. — The  following  measurements  were  made  at 
s  point  one-half  mile  above  junction  of  South  Fork  with  Main  Tiile  River. 

May  19:  Width,  28  feet;  area,  32  feet;  mean  velocity,  2.86  feet  per  second;  discharge, 
90  second-feet. 

September  26,  stream  dry. 

North  Fork  of  Tule  River  near  Springville,  Col. — A  measurement  was  made  September 
26  at  road  crossing  one-half  mile  above  junction  with  Middle  Fork  of  Kings  River. 

Water  standing  in  pools;  discharge,  00  second-feet. 

Middle  Fork  of  Tule  River  near  Springville,  Cal. — This  stream  Ls  the  principal  tributary 
of  Kaweah  River  and  furnishes  pracl  ically  all  the  water  of  this  river  during  low-water  flow. 
A  measurement  was  made  September  27  one-fourth  mile  above  clubhouse  and  2  miles 
above  the  town  of  Springville. 

Width,  33.5  feet;  area,  36  square  feet:  mean  velocity,  0.64  foot  per  second;  discharge, 
23  second-feet.  Digitized  by  ^^j^^kjw  i\^ 
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SotUh  Fork  of  Middle  Fork  of  Tide  River  near  SpringviUe,  Col. — This  stream  is  a  tribu- 
tary to  Middle  Fork  of  Kawoah  River.  A  measurement  was  made  September  27  at  a  point 
100  feet  above  its  junction  with  Middle  Fork. 

Width,  8.4  feet;  area,  4.0  square  feet;  mean  velocity,  2.20  feet  per  second;  dischaige, 
8.8  second-feet. 

North  Fork  of  Middle  Fork  ofTule  River  near  SpringmUe,  Cal. — ^This  stream  is  tributaiy 
to  Middle  Fork  of  Kaweah  River.  A  measurement  was  made  September  27  100  feet  above 
its  junction  with  Middle  Fork. 

Width,  7.9  feet;  area,  5.9  square  feet;  mean  velocity,  2.19  feet  per  second;  discharge, 
12.9  second-feet. 

KAWEAH   RIVER  DRAINAGE  BASIN. 
DE80RIPTI0N  07  BA8IK. 

Kaweah  River  drains  the  western  slope  of  the  Sierra  Nevada  between  the  basins  of  Kings 
River  on  the  north  and  Kern  and  Tule  rivers  on  the  south.  This  is  an  important  strBam, 
but  its  watershed  is  only  about  one-third  that  of  Kings  River  and  is  much  less  elevated 
and  snow  covered  than  those  of  the  Kings  and  Kern  rivers.  It  has  a  number  of 
tributaries  which  have  their  source  in  numerous  lakes  and  meadows  on  the  higher  ele- 
vations. The  formation  is  of  granite  and  similar  in  every  way  to  that  in  the  Kings  River 
basin.  Hie  greater  part  of  the  area  of  619  square  miles  above  the  gaging  station  is  well 
covered  with  brush  and  timber.  In  this  basin  is  situated  the  Sequoia  National  Park,  where 
the  largest  grove  of  big  trees  {Sequoia  gigantea)  of  the  Sierra  Nevada  is  found.  TTiis 
grove  is  known  as  the  *' Giant  Forest, "  and  Is  one  of  the  many  points  of  interest  of  the  Sierra 
Nevadas.  There  are  two  power  plants  on  this  stream  owned  by  the  Mount  Whitney  Power 
Company,  which  divert  water  from  the  Middle  and  East  forks.  This  company  has  con- 
structed several  small  storage  reservoirs  on  the  upper  reaches  of  this  basin.  This  has  been 
done  by  building  low  dams  at  the  outlet  of  some  of  the  lai^r  lakes.  The  stored  water  is 
held  back  for  use  during  the  low-water  flow  of  the  stream,  and  is  of  great  benefit  to  the  irri- 
gators in  the  valley  during  the  late  summer  months.  About  6  miles  below  the  gaging  sta- 
tion the  river  leaves  the  foothills  and  flows  across  San  Joaquin  Valley  in  a  general  south- 
westerly direction  to  the  old  bed  of  Tulare  Lake.  After  it  leaves  the  foothills  many  canals 
divert  water  for  the  purpose  of  irrigating  land  in  Tulare  County,  which  is  especially  adapted 
to  the  raising  of  fruits. 

The  mean  annual  precipitation  in  the  basin  above  the  gaging  station  is  from  20  to  40 
inches,  which  falls  in  the  form  of  snow  over  probably  one-half  the  area. 

KAWBAH  RIVER  BELOW  THREE  RIVERS,  OAL. 

This  station  was  established  April  29,  1903,  by  W.  H.  Steams.  It  is  located  at  a  point 
three-fourths  of  a  mile  below  the  confluence  of  the  North,  Middle,  and  South  forks.  It  is 
10  miles  from  the  Southern  Pacific  Railroad  station  at  Lemon  Cove,  Tulare  County,  Cal., 
and  one-fourth  of  a  mile  west  of  the  wagon  road  from  Exeter  to  Throe  Rivers. 

The  channel  is  straight  for  400  feet  above  and  below  the  station.  Tlie  current  is  swift  at 
high  stages,  but  sluggish  at  low  water.  Tliere  are  rapids  about  400  feet  above  and  500  fwt 
below  the  cable.  The  right  bank  is  low  and  subject  to  overflow  at  high  stages.  The  left 
bank  Is  high  enough  to  be  above  overflow.  There  are  willow  tree.s  along  the  water's  edge 
on  both  banks,  and  a  line  of  willows,  sycamores,  and  cottonwoods  bjvck  from  the  water's 
edge  on  the  left  bank.  The  bed  of  the  stream  is  composed  of  sand,  gravel,  and  large  bowl- 
ders.    The  section  is  probably  permanent. 

Discharge  measurements  are  made  from  a  cable  and  car.  The  initial  point  for  soundings 
is  a  sycamore  tree  on  the  left  bank  of  the  stream,  to  which  the  cable  is  fastened. 

The  low-water  gage  is  an  inclined  timber  on  the  left  bank.  The  high-water  gage  is  a  tim- 
l)er  securely  nailed  to  a  willow  tree  on  the  left  bank.  During  1905  the  gage  was  read  bv 
J.  O.  Carter.  Bench  marks  were  established  ns  follows:  (1)  A  point  marked  **B.  M."  with 
black  paint  on  a  lai^  rock  10  feet  upstream  from  the  tree  to  which  the  cable  is  attached; 
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elevAtion,  13.95  feet.  (2)  A  point  on  rock  marked  with  white  paint  7  feet  upstream  fi-om 
the  75-foot  mark  on  the  cable;  elevation,  15.89  feet.  Elevations  refer  to  the  datum  of  the 
g«ge. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  100  and 
134  of  the  United  States  Geological  Survey. 

Discharge  vruaswrtments  ofKaweah  River  below  Three  Rivera j  Cat.,  in  1905. 


Date. 


MMchlS 

lUicfaao 

May20 

Jane  14 

July  25 

Sq>tffDber  17 
October  24a. 


Hydrographer. 


F.  R.  8.  Buttemer  . 

....do 

R.  S.  Hawley 

....do 

do 

C.  H.  Lee 

Hawley  and  Lee . . . 


Width. 

Area  of 
section. 

Mean 
velocity. 

Ga«e 
height. 

Dis- 
charge. 

Feet. 

Sq.ft. 

Ft.  per  sec. 

Feet. 

Sec.-ft. 

157 

464 

1.24 

5.W 

577 

160 

526 

1.56 

6.26 

815 

175 

647 

2.70 

7.25 

1,746 

170 

653 

2.27 

7.00 

1,480 

140 

306 

0.44 

4.83 

136 

29 

44 

0.73 

4.2.5 

32 

56 

61 

0.80 

4.30 

49 

a  Section  400  feet  below  cable. 


Daily  gage  height^  infeeiy  ofKaweah  River  below  Three  Rivers^  Cal.yfor  1905. 


i>»y. 


9... 
10... 
U... 
12... 
U... 
14... 
15... 
1«... 
17... 
«... 
19... 
2D... 

a... 

22... 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
».. 

n.. 


Jan. 


Feb. 


4.9 

4.85 

4.8 

4.75 

4.7 

4.7 

4.7 

4.7 

4.7 

4.7 

4.7 

4.6 

4.7 

4.6 

4.6 

4.b5 

4.7 

4.65 

4.7 

4.7 

4.95 

4.05 

4.8 

4.8 

4.75 

4.7 

4.7 

4.7 

4.7 

4.7 

4.7 


4.9 

5.05 

5.4 

5.2 

5.65 

5.2 

5.15 

5.15 

5.15 

5.0 

5.1 

5.0 

5.1 

5.0 

5.0 

5.45 

5.35 

5.65 

5.3 

5.2 

5.2 

5.15 

5.1 

5.15 

5.2 

5.2 

5.1 

5.4 


Mar. 

Apr. 

6.4 

5.8 

5.45 

5.9 

6.5 

6.0^ 

5.5 

6.1 

■    5.6 

6.2 

5.4 

6.2 

May. 


5.45 

5.5 

5.5 

5.45 

5.55 

0  5.6 
6.9 
5.9 
5.8 
6.1 
6.0 
5.95 
7.0 
6.2 
6.1 
5.9 

05.9 
5.9 


6.0 

6.2    ' 

5.9 

5.7 


6.3 

6.25 

6.25 

6.2 

6.15 

6.0 

6.0 

6.0 

6.1 

6.2 

6.2 

6.35 

6.3 

6.25 

6.15 

6.15 

6.15 

6.2 

6.35 

6.3 

6.35 

6.5 

6.75 

6.85 


6.8 

6.7 

6.55 

6.4 

6.3 

6.4 

6.55 

6.6 

6.5 

6.35 

6.3 

b.3 

6.35 

6.55 

6.9 

7.3 

7.4 

7.a5 

7.4 

7.3 

7.45 

7.4 

7.3 

7.4 

7.5 

7.35 

7.1 

6.9 

6.75 

6.8.=) 

6.a5 


June.  '  July. 


7.05 

7.0 

7.0 

7.3 

6.8 

7.45 

7.05 

6.95 

6.8 

7.05 

7.15 

7.35 

7.25 

7. 15 

7.15 

7.15 

7.1 

7.0 

6.a5 

6.9 

6.8 

6.7 

6.6 

6.4 

6.30 

6..^5 

6.0 

6.2 

6.15 

6. 15 


6.05 

6.0 

5.9 

5.9 

5.8 

5.75 

5.75 

5.7 

5.7 

5.65 

5.6 

5.5 

5.4 

5.3 

5.25 

5.2 

5.2 

5.1 

5.1 

5.0 

5.0 

5.0 

4.95 

4.0 

4.9 

4.a5 

4.85 
4.8 
4.7 
4.7 
4.7 


Aug. 


4.65 

4.65 

4.65 

4.65 

4.6 

4.6 

4.6 

4.5.5 

4.55 

4.65 

4.55 

4.55 

4.55 

4.6 

4.6 

4.6 

4.45 

4.4 

4.4 

4.35 

4.4 

4.4 

4.4 

4.4 

4.4 

4.4 

4.4 

4.a5 

4.3 
4.3 
4.25 


Sept. 


4.3 

4.3 

4.2 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.2 

4.25 

4.25 

4.25 

4.25 

4.25 

4.25 

4.2 

4.25 

4.2 

4.25 

4.25 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.4 

4.45 


Oct.   ,  Nov. 


4.3 
4.35 
4.3 
4.25 
4.3 
4.2 
4.25 
4.2 
4.3 
4.25 
4.2 
4.2 
4.2 
4.2 
4.2 
4.25 
4.25 
0  4.25 
4.2.'> 
4.25 
4.2 
4.2 
4.2 
4.25 
4.3 
4.2.'> 
4.25 
4.2 
4.2 
4.25 
4.2 


4.2 

4.2 

4.25 

4.25 

4.25 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.25 

4.25 

4.3 

4.^5 

4.3 

4.3 

4.4 

4.3 

4.4.') 

4.5 

4.4 

4.4 

4.4 

4.4 

4.4 

4..'i5 

4.6 

4.0 

4.6 


Dec. 

4.6 

4.6 

4.55 

4.5 

4.6 

4.5 

4.6 

4.55 

4.55 

4.55 

4.5 

4.5 

4.5 

4.. 55 

4.55 

4.55 

4.5 

4.5 

4.55 

4.6 

4.6 

4.5 

4.5 

4.5 

4.6 

4.5 

4.5 

4.6 

4.6 

4.6 

4.65 
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StaHon  rating  table  for  Kaweah  River  bdow  Thrt€  Rivers,  Cal.tfiom  January  I  to  Decemha 

31,  1905. 


Gage 
height. 

Discharge. 

Feet. 
4.20 

Second-feet. 
40 

4.90 

49 

4.40 

61 

4.50 

75 

4.60 

91 

4.70 

109 

4.80 

130 

4.90 

154 

5.00 

180 

Gage 
height. 


Feet. 
5.10 
5.20 
5.30 
5.40 
5.50 
5.60 
5.70 
5.80 
5.90 


I  Discharge.  I 

I _; 

Second-feet.' 

I  210    i 

I       240  ; 

274  I 
312 

350  i 

395  I 

445  , 
500 

560  i 


Oai 
heig 


It. 


Feet. 
6.00 
6.10 
6.20 
6.30 
6.40 
0.50 
6.60 
6.70 
6.80 


Discharge. 

Second-feet. 
625 
690 
760 
835 
915    \ 
1,000 
1.090    I 
1,180 
1,275 


Gace 
hei^t. 

Feet. 
6.90 
7.00 
7.10 
7.20 
7.30 
7.40 
7.50 


DLsc^iaige. 

Second-feet. \ 
1,375 
1,480 
1,590 
1,700 
1,815 

'  1,935 

2,060 


Note.— 'f  he  above  table  is  basod  on  seven  discharge  nieasurementa  made  during  1905.     It  is  well 
deAned  throughout. 

Estimated  monthly  discharge  ofKawfah  Rv^er  below  Three  Rivers,  Oal.,for  1905. 


(Drainage  area,  520  square  miles.] 


Month. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


The  year. 


Discharge  in  second-feet.  | 

;  I 

Maximum.   Minimum,  i      Mean. 


Run-off. 


167 
592 
480 
325  I 

060  I 
998  \ 
658  I 
100  I 
68| 
65| 
91  I 
100  \ 


2,060 


91 

154 

312 

500 

835 

625 

109 

44 

40 

40 

40 

75 

40 


lie 

258 

553 

783 
1,386 
1.348 

303 
76.6 
45.2 
43.4 
56.6 
83.0 

421 


Total  in 
acre-feet. 


7,133 
14,330 
34,000 
46,590 
85,220 
80,210 
18,630 
4,710 
2,690 
2,669 
3,368 
5,103 


Second-feet 

per  square 

mile. 

Depth 
ii]incb<^ 

0.223 

0.257 

.496 

.516 

1.06 

1.22 

1.51 

1.68 

2.67 

3.08 

2.59 

2.89 

.583 

.672 

.147 

.170 

.087 

.097 

.083 

.096 

.109 

.122 

.160 

.184 

304.700  i 


.810 


ia98 


HI80ELLAKE0TI8  KEASUUEICEKTS  DT  KAWEAH  RITER  DRAINAGE  BA8IK. 

MarUe  Fork  in  Sequoia  National  Park,  Cal. — This  stream  is  one  of  the  principal  tribu- 
taries of  the  Kaweah  River.  A  measurement  was  made  October  12  by  W.  B.  Clapp  at  a 
point  100  yards  above  its  junction  with  the  Middle  Fork  of  Kaweah  River. 

Width,  8.1  feet;  area,  6.0  square  feet ,  mean  velocity,  0.83  foot  per  second;  discharpre,  5.0 
second-feet. 

Middle  Fork  of  Kaweah  River  in  Sequoia  National  Park,  Cat. — This  stream  is  one  of  the 
principal  tributaries  of  Kaweah  River.  A  measurement  was  made  October  12  by  W.  B. 
Clapp  at  a  point  100  yards  above  its  junction  with  Marble  Fork. 

Width,  24.5  feet;  area,  32.2  square  feet;  mean  velocity,  0.51  foot  per  second;  discharge, 
16.3  second-feet. 

South  Fork  of  Kaweah  River  near  Three  Rivers,  Cal. — A  measurement  of  this  stream  was 
made  October  11  by  W.  B.  Clapp,  2  miles  above  junction  of  Grouse  Creek  with  South  Fork, 
about  8  miles  above  the  town  of  Three  Rivers. 
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Width, 3.5  feet ;  area,  1.7  scjuare-fect ;  mean  velocity,  2.53  feet  per  second;  discharge,  4.3 
<#ioond-feet. 

Ead  Fork  of  Kaweah  River  at  power  house  of  Mount  Whitney  Poster  Company. — Estimates 
of  dlschaiige  of  this  stream  were  made  by  W.  B.  Clapp  at  the  power  house  of  Mount 
Whitney  Power  Company,  3  miles  above  the  town  of  Three  Rivers,  Cal.  The  estimated  dis- 
rhargp  was  calculated  from  discharge  of  nozzles  at  Mount  Whitney  Power  Company's  Plant. 

September  28:  Operating  three  Doble  wheels.  Wheel  No.  1,  IJ-inch  nozzle;  wheel  No. 
2,  2-inrh  nozzle;  wheel  No.  3,  2i-inch  nozzle;  effective  head  1,290  feet;  coefficient  used, 
0.9S:  discharge,  17.4  second-feet. 

Oc'tol)er  13:  Two  wheels  running.  W^heel  No.  2,  2-inch  nozzle;  wheel  No.  3,  2J-inch 
nozzle;  wheel  No.  1,  not  running;  effective  head,  1,290  feet;  coefficient  used,  0.98;  dia- 
rharge,  14  second-feet. 

Mount  Whitney  Pourr  Company's  fume,  100  feet  below  head-gale  at  boundary  line  Sequoia 
Sational  Park. — ^The  following  mea.surements  were  made  during  1905  by  W.  B.  Clapp. 

September  28:  Width,  6.6  feet ;  area,  7.9^square  feet :  mean  velocity,  2.18  feet  per  second; 
dischaige,  17.2  second-feet. 

October  12:  Width,  4.75  feet;  area,  6.4  square  feet ;  mean  velocity,  2.95  feet  per  second; 
discharge,  18.9  second-feet. 

These  measurements  give  total  flow  of  Middle  Fork  of  Kaweah  River,  including  Marble 
Forfj. 

Sorth  Fori  KauYah  i?«Yr  near  Three  Rivers^  Cal. — A  measurement  of  this  stream  was 
made  October  13  by  W.  B.  Clapp  at  a  point  5  miles  above  junction  of  South  Fork  with 
Middle  Fork  of  Kaweah  River. 

Width,  12  feet;  area,  3.2  square  feet;  mean  velocity,  1.50  feet  per  second;  discharge,  4.8 
second-feet. 

KINGS    HIVER   JIRAINAGE  |BASIN. 
DSSC&IPTIOK  OF  BA8IK. 

Kings  River  rises  on  the  wasteni  .slope  of  the  Sierra  Nevada  and  drains  the  country 
located  Ijetween  the  San  Joaquin  River  on  the  north  and  the  Kaweah  and  Kern  rivers  on  the 
:<Mith.  The  crest  of  the  Sierra  Nevada  at  the  head  of  this  basin  reaches  elevations  of  over 
14.000  feet,  and  here  is  the  most  ruggi»d  portion  of  the  range;  the  sharp  and  precipitous 
peaks  characteristic  of  this  part  of  the  Sierra  Nevada  produce  the  grandest  scenery  to  be 
found  in  the  Ignited  States.  The  main  tributaries  of  this  stream  flow  through  great  canyons 
cut  in  the  granite,  with  high  precipitous  walls.  The  Kings  River  Canyon  on  the  South  Fork 
and  Tehipite  Valley  on  the  Middle  Fork  rival  the  famed  Yosemite  Valley  for  grandeur  of 
s^nery.  There  are  numerous  tributaries,  many  of  which  have  their  sources  in  perpetual 
Mww  banks  on  the  higher  elevation.  A  large  number  of  small  lakes  on  the  higher  elevations 
are  fed  by  small  streams  from  perpetual  snow  banks  or  glaciers,  and  in  them  many  of  the 
tributaries  have  their  source.  The  formation  is  of  granite,  which  above  an  elevation  of 
lOjOOO  feet  is  Imre,  with  scanty  vegetation,  being  carved  by  the  action  of  glaciers;  below  the 
lOjOOO-foot  contour  is  a  heavy  covering  of  timber  and  underbrush.  Extensive  groves  of 
big  trees  are  scattered  throughout  this  basin.  On  the  lower  elevations  along -the  foothills 
the  soil  covering  is  light  with  a  gra.ss  growth  used  for  pasturage.  Fully  80  per  cent  of  the 
drainage  area  is  now  included  in  the  boundaries  of  the  Sierra  Forest  Reserve  which  is 
patrolled  for  the  prevention  of  fires  and  illegal  herding.  Below  the  gaging  station,  which  is 
located  at  the  point  where  the  river  leaves  the  foothills,  canals  divert  the  water  for  use  in  the 
valley  lands  of  Fresno,  Kings,  and  Tulare  counties,  where  the  climate  and  soil  are  especially 
adapted  to  the  raising  of  grapes,  fruits,  etc.,  and  the  soil  is  under  a  high  state  of  cultivation. 
During  the  period  of  flood  discharge  some  water  passes  these  canals  and  finds  its  way  across 
Kings  River  delta  in  the  natural  channel  to  the  old  bed  of  Tulare  Lake,  which  is  now  but  an 
intermittent  lake  due  largely  to  the  diversion  of  water  for  irrigation  purposes  from  the 
streams  which  drain  into  it. 
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There  is  a  drainage  area  of  1,742  square  miles  above  the  Red  Mountain  gaging  station. 

The  mean  annual  precipitation  for  this  area  varies  from  about  30  to  60  inches,  which  o?er 
a  greater  portion  of  the  basin  falls  in  the  form  of  snow.  The  greater  dischai<ge  of  this  stretm 
is  in  the  spring  months  when  the  snow  is  melting. 

KDTOS  miTIK  KXAS  6AV01K,  OAL. 

This  station  was  established  September  3,  1895,  by  J.  B.  Lippincott.  It  is  located  15 
miles  east  of  Sanger,  Cal.,  near  the  mouth  of  the  canyon,  and  is  above  all  diversions. 

The'  channel  is  nearly  straight  for  300  feet  above  and  below  the  station,  and  has  a  width  of 
180  feet  at  ordinary  stages.  The  bed  of  the  stream  is  composed  of  gravel  and  small  bowlders 
and  changes  but  little.  The  right  bank  is  high  and  not  subject  to  overflow.  The  left  btnk 
is  subject  to  overflow  during  extreme  high  water.    .The  current  is  swift. 

Discharge  measurements  are  made  by  means  of  a  cable  and  car.  The  initial  point  for 
soundings  is  an  eyebolt  embedded  in  concrete  on  the  right  bank  of  river.  An  automatic 
river  stage  register  was  installed  April  18, 1903.  There  is  also  an  inclined  wooden  gage  nev 
by  from  which  readings  were  formerly  taken  and  which  is  now  used  in  checking  the  self- 
recording  gage.  Mr.  O.  G.  Williams  reads  the  gage  once  each  day  and  also  examines  the 
automatic  register  to  see  that  it  is  in  proper  working  order.  The  mean  daily  gage  height  is 
determined  from  the  register  sheets  by  the  use  of  planimeter.  The  bench  mark  is  a  cross 
marked  on  a  rock  which  is  24  feet  upstream  from  the  self-recording  register;  elevation, 
18.00  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  81,  85, 
100,  and  134  of  the  United  States  Geological  Survey. 

Discharge  Tneasurements  of  Kings  River  near  Sanger,  Cal,,  in  1905. 


Date. 


Ilydrographer. 


March  21 F.  R.  S.  Buttcmer. 

May  22 R.  S.  Ilawley 

June  15 1 do 

July  24 1 do 

August  19 do 

September  16.. |  C.  II.  Lee 

Octol)er21 '  Hawley  and  Lee 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Dif- 
chtnsr. 

Feet. 

Sq.ft. 

Ft.  per  sec. 

Feet. 

Sec-ft. 

217 

883 

2.73 

6.91 

2,406 

317 

1,827 

4.95 

10.10 

9,016 

314 

1,808 

4.67 

10.10 

8,446 

169 

584 

1.69 

5.42 

m 

145 

390 

.97 

4.33 

382 

136 

317 

.63 

3.82 

199 

113 

128 

1.53 

3.79 

m 
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Mean  daily  ^age  htighif  in  Jetty  of  Kings  River  near  Sanger,  Cal.^for  1905. 


Day. 

Jan.  r 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 
4.95 

Sept. 
4.1 

Oct. 

Nov. 
3.8 

Dec. 

1 

4.65' 

5.0 

5.5 

6.25 

8.9 

9.0 

7.8 

4.05 

4.10 

-> 

4.55 

5.65 

5  7 

6  5 

8  35 

9  05 

7  6 

4  85 

4.05 

4  0 

3  8 

4  05 

3 

4.45 

5.6 

5.85 

6.6 

8.05 

9.15 

7.5 

4.8 

4.0 

4.0 

3.8 

4.0 

4 

4.  45  1 

5.45 

5.95 

6.7 

7.7 

8.85 

7.4 

4.8 

4.0 

3.9 

3.8 

4.1 

5 ... 

4.4 

5.7 

5.9 

6.9 

7.55 

8.7 

7.3 

4.7' 

4.0 

3.85 

3.8 

4.15 

6 

4.4 

5.65 

5.9 

7.05 

7.65 

9.05 

7.25 

4.65 

4.0 

3.85 

3.8 

4.1 

a  4. 4     1 

5.4 

5.9 

7.2 

7.75 

9.35 

7.25 

4.6 

4.0 

3.8 

3.8 

4.1 

s 

a4  4     ' 

5.3 
5.25 

5.95 
5.95 

7.2 
7.25 

7.9 
7.7 

9.3 
9.1 

7.2 
7.2 

4.6 
4.6 

3.96 
3.95 

3.8 
3.8 

3.8 
3.8 

4  1 

9 

'      4.4     , 

4.05 

10 

4.33 

5.15 

5.9 

7.25 

7.4 

9.4 

7.2 

4.65 

3.9 

3.8 

3.8 

4.0 

11 

4.4 

5.05 

5.9 

7.0 

7.4 

9.8 

7.15 

4.6 

3.9 

3.75 

a  3.8 

4.0 

12 

,      4.3    1 

5.0 

5.95 

6.75 

7.4 

10.25 

7.0 

4.55 

3.9 

3.75 

3.8 

4.0 

13 

1      4.2    1 

4.H5 

7.15 

6.6 

7.45 

10.3 

6.7 

4.55 

3.  ft 

3.75 

3.8 

4.0 

14 

4.35| 

4.85 

7.35 

6.6 

7.95 

10.2 

6.4 

4.5 

3.9 

3.7 

3.8 

4.0 

IS 

«4.35  i 

4.85 

6.65 

6.9 

8.8 

10.0 

6.2 

4.45 

3.9 

3.7 

3.8 

4.0 

16 

4.35 

5.0 

6.55 

7.05 

9.6 

9.9 

6.0 

4.45 

3.85 

3.7 

3.8 

4.0 

17...   . 

'     4.4    1 

5.4 
5.25 

6.75 
6.75 

7.0 
7.3 

10.25 
10.15 

9.85 
9.6 

5.85 
5.75 

4.4 
4.4 

3.8 
3.8 

3.7 
3.75 

3.8 
3.8 

4.0 

IJV 

4.4 

4.0 

19 

4.35 

5.2 

7.0 

7.2 

10.15 

9.4 

5.ti6 

4.35 

3.8 

3.75 

3.9 

4.0 

3f) 

,     4. 45  1 

5.15 

7.2 

6.9 

10.  a5 

9.4 

5.6 

4.3 

3.8 

3.8 

3. 95 

4.05 

21 

1     4.7    ' 

5.1 

6.9 

6.85 

10. 15 

9.45 

5.55 

4.3 

3.8 

3.8 

4.0 

4.1 

22 

4.8    , 

5.1 

6.55 

6.8 

10.15 

9.4 

5.55 

4.3 

3.75 

3.8 

3.9 

4.0 

23 

1     4-6    , 

5.15 

6.4 

6.8 

9.95 

8.95 

5.5 

4.3 

3.75 

3.8 

3.9 

3.9 

24 

4.6    ! 

5.2 

6.5 

7.1 

9.95 

8.45 

5.5 

4.25 

3.75 

3.8 

3.8 

3.9 

2S 

4.55 

5.25 

6.6 

7.5 

10. 15 

8.2 

5.5 

4.2 

3.75 

3.7 

3.8 

o3.9 

» 

4.5 

5.3 

6.8 

7.5 

10.15 

8.25 

5.5 

4.2 

3.7 

3.7 

3.85 

3.9 

27 

I     4.45, 

5.3 

6.7 

7.75 

9.4 

8:05 

5.45 

4.2 

3.7 

3.7 

3.9 

4.0 

2>i 

4.45 

5.35 

6.4 

8.2 

8.85 

7.95 

5.4 

4.15 

3.7 

3.7 

4.1 

4.0 

29 

1  <•«; 

6.55 

8.75 

8.5 

8.0 

5.2.') 

4.1 

3. 75 

3.75 

4.0 

4.0 

3) 

'     4.45  1 

6.4 

9.05 

8.65 

8.0 

5.15 

4.1 

3.95 

3.75 

0  4.0 

4.0 

31 

1     4.5     . 

1 

6.25 

8.9 

5.05 

4.1 

3.75 

13.9 

a  Gage  height  estimated. 
Station  rating  table  for  Kings  River  near  Sanger ,  Cal.jjrom  January  1  to  December  31,  1905. 


Gage 
height. 


Feet. 

Second-feet 

3.70 

150 

3.80 

175 

3.90 

205 

4.00 

240 

4.10 

280 

4.20 

325 

4.30 

370 

4.40 

420 

4.50 

470 

4.60 

520 

4.70 

570 

4.80 

•OS 

4.90 

680 

Gage 
height. 

Discharge. 

Feet. 

Second- feel. 

5.00 

740 

5.10 

805 

5.20 

870 

5.30 

940 

5.40 

1,010 

5.50 

1,085 

5.60 

1,160 

5.70 

1,235 

5.80 

1,310 

5.90 

1,390 

6.00 

1,470 

6.10 

1,550 

6.20 

1,640 

(J  age 
height. 


Discharge.  |  ^cigfj^      Discharge. 


Feet. 

Second-feet. 

Feet, 

Second-feet. 

6.30 

1,730 

8.00 

3.  STjO 

6.40 

1,820 

8.20 

4,190 

6.  .50 

1,920 

8.40 

4,570 

6.60 

2,020 

8.60 

4,'>sO 

6.70 

2,120 

H.80 

5,  '    ■ 

6.  SO 

2,230 

9.00 

5,  v'l' 

6.90 

2,340 

9.20 

Q,'XH\ 

7.00 

2,  Am 

9.40 

6,'Jl^ 

7.20 

2, 705 

g.rrf) 

7,4W 

7.40 

2,  ^Hi.', 

9.81) 

8.11* 

7.  m 

3. 240 

10.00 

8,  .-■(' 

7.80 

3,  r»35 

10.20 

'          9,  \iM 

Note.— The  above  table  i.s 
defined  throughout. 


based  on  discbarge  measurement s  made  during  1896-13^.    It  i%  Wftll 
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EstimaUd  monthly  discharge  of  Kings  Rit^er  near  Sanger ,  Cal.yfor  1905. 
[  Drainage  are*.  1.742  square  miles. J 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  ye«  r . 


Diw'harge  in  second-feet.          • 

Rim-oO. 

Maximum. 

1 
Minimum. 

Mean. 

Total  in 
acre-feet. 

Second-feet 

Depth 
ininrbeft. 

625 

:m 

447 

27,480 

0.257 

0.2». 

1,235 

fv'»2 

899 

49,930 

.516 

..ViT 

2,900 

l.(K-j 

1,M4 

113,400 

1.06 

\.-22 

6.010 

1,685  , 

2.731  ' 

162.,i00 

1.57 

1.7:. 

9,622 

2,965 

5,887 

361,600 

3.38 

3-«) 

9,795 

3,770 

6,448 

383.700 

3.70 

4.13 

3,.kJ5 

772 

1,K59 

114,300 

1.07 

1.23 

710 

2S0 

44i< 

27,.5.W 

.257 

.2^ 

2>«) 

l.MI 

198 

11,780 

.114 

.127 

260 

l.'iO 

174 

10,700 

.100 

.n.'' 

2S0 

175 

191 

11.360 

.110 

.123 

302 

205 

246 

15. 130 

.141 

.Ih3 

9.79.'i 

1.50 

1,781 

1,289,000 

1.02 

13.89 

HI80ELLAKE0TI8  MEASUREMEIVTS  IK  KIK08  RIVER  DRAINAOE  BA8IH. 

North  Fork  of  Kings  River. — This  stream  ontors  Kings  River  from  the  north  ahout 
20  miles  above  point  where  the  main  Kings  River  leaves  the  foothills  and  enters  the  San 
Jofiquin  Valley.  A  measurement  was  made  .^(X)  feet  above  its  junction  with  main  riiTr 
and  about  50  feet  above  lower  trail  crossing  on  Auf^st  22,  1905,  by  R.  S.  Hawley. 

Width,  16  feet;  area,  21  square  feet:  mean  vehx-ity,  1.86  feet  per  second:  dise^harpe. 
31  second-feet. 

Converse  Creek. — Tliis  stream  enters  the  Kings  River  7  miles  U'low  the  junction  of 
Middle  and  South  forks.  A  measurement  was  made  200  feet  above  its  mouth  on  August 
23,  1905,  by  R.  S.  Hawley. 

Width,  4  feet;  area,  1.6  squaiv  feet;  mean  velocity,  0.77  foot  per  secx>nd:  discharge,  1.2 
second-feet. 

Ten  Mile  Creek. — This  creek  enters  Kings  River  t>iie-half  mile  below  junction  of  \fiddle 
and  South  forks,  A  measurement  was  niade  on  August  23,  1905,  100  feet  al)ove  its  mouth 
by  R.  S.  Hawley. 

Width,  2  feet;  area,  1.6  square  fwt;  mean  velcM'ity, 0.69  foot  per  second;  dischai^ge,  \.l 
second-feet. 

Botddtr  Creek.— T\\\i^  stream  enters  the  South  Fork  t>f  Kings  River  5  miles  al>ove  the 
junction  of  the  Middle  and  South  forks.  A  measurement  was  made  on  August  2»5,  1905, 
2  miles  above  its  mouth  and  100  feet  above  lower  trail  cn)ssing  by  R.  S.  Hawley. 

Width,  6  feet:  area,  2.8  square  feet:  mean  velocity,  1.14  feet  per  second:  discharge,  3.2 
second-feet. 

Lightning  Creek. — This  stream  enters  the  South  Fork  of  Kings  River  from  the  south 
about  10  miles  above  the  junction  of  the  Middle  and  South  forks.  An  estimate  was  made 
of  the  discharge  about  1  mile  alwve  its  mouth  at  the  trail  cro.ssing  on  August  25,  1905, 
by  R.  S.  Hawley. 

Discharge,  0.60  second-foot. 

Levns  Creek. — This  stream  enters  the  South  Fork  of  Kings  River  from  the  north  in  Kings 
River  Canyon  2  miles  below  old  Cedar  Grove  Hotel.  A  measurement  was  made  August  26, 
1905,  500  feet  above  its  mouth  by  R.  S.  Hawley. . 

Width,  3  feet;  area,  2.7  square  feet;  mean  velocity,  1.00  foot  per  second;  discharge,  2.7 
second-feet. 
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SotOh  Fork  of  Kings  River. — ^This  stream  is  the  principal  tributary  to  Kings  River.  A 
measurement  was  made  in  the  lower  Kings  River  Canyon  one-fourth  mile  above  the 
mouth  of  Lewis  Creek  on  August  26, 1905,  by  R.  S.  Hawley. 

Width,  52  feet;  area,  51  square  feet;  mean  velocity,  2.73  feet  per  second;  discharge,  139 
aecood-feet. 

South  Fork  of  Kings  Rit^er, — A  measurement  was  made  700  feet  above  the  mouth  of 
Bubbs  Creek  on  August  26,  1905,  by  R.  S.  Hawley. 

Width,  35  feet;  area,  36  square  feet;  mean  velocity,  1.36  feet  per  second;  discharge,  49 
second-feet. 

Sovth  Fork  oj  Kings  River. — A  measurement  was  made  August  26,  1905,  one-fourth 
mile  below  the  mouth  of  Bubbs  Creek  by  R.  S.  Hawley. 

Wklth,  65  feet;  area,  68  square  feet;  mean  velocity,  1.46  feet  per  second;  discharge,  99 
seeond-feet. 

Bubbs  Cretk. — ^TTiis  is  the  principal  tributary  of  South  Fork  of  Kings  River  and  joins  it  at 
the  head  of  Kings  River  Canyon.  From  the  measurements  made  on  South  Fork  of  Kings 
River  above  and  below  the  junction  of  Bubbs  Creek  on  August  26,  1905,  by  R.  S.  Hawley, 
the  discharge  of  Bubbs  Creek  at  the  mouth  was  estimated  to  be  50  second-feet.  On  account 
of  roughness  of  stream  bed  and  high  velocities  in  the  creek  it  was  impossible  to  make  dis- 
charge measurement.  (See  measurement  of  South  Fork  of  Kings  River  above  and  below 
moath  of  Bubbs  Creek.) 

Cojyper  Creek. — ^This  stream  ent«r8  the  South  Fork  of  Kings  River  from  the  north  between 
North  Dome  and  Buck  Peak.  A  measurement  was  made  on  August  26,  1905,  one-fourth 
mile  above  its  mouth  by  R.  S.  Hawley. 

Width,  4  feet;  area,  1.0  square  foot;  mean  velocity. 0.82  foot  per  second;  discharge,  0.82 
«cond-foot. 

Roaring  River. — ^This  stream  enters  South  Fork  of  Kings  River  from  the  south,  5  miles 
below  the  junction  of  South  Fork  and  Bubbs  Creek.  A  measurement  was  made  August  26, 
1905, 500  feet  above  its  mouth  by  R.  S.  Hawley. 

Width,  14  feet;  area,  11  square  feet;  mean  velocity,  0.87  f<M)t  per  second;  discharge,  9.6 
seoond-feet. 

Sheep  Creek. — ^This  stream  enters  the  Soutli  Fork  of  Kings  River  from  the  south  one- 
fourth  mile  below  Cedar  Grove  Hotel.  An  estimate  was  made  of  the  discharge  at  the 
mouth  August  26,  1905,  by  R.  S.  Hawley. 

Discharge,  1.8  second-feet. 

Hotd  Creek. — This  stream  enters  South  Fork  of  Kings  River  from  tlie  north  at  Cedar 
Grove  Hotel.  An  estimate  was  made  of  the  discharge  at  its  mouth  on  August  26,  1905,  by 
R.S.  Hawley. 

Dischaige,  0.20  second-foot. 

Granite  Creek. — ^This  stream  enters  South  Fork  of  Kings  River  from  the  nortli  between 
North  Mountain  and  North  Dome.  An  estimate  was  made  of  the  discharge  at  the  mouth 
August  26, 1905,  by  R.  S.  Hawley. 

Discharge,  0.50  second-foot. 

Eorsethoe  Creek. — ^TTiis  stream  enters  Middle  Fork  of  Kings  River  from  the  south  at 
Simpson  Meadow.  An  estimate  was  made  of  the  discharge  at  its  mouth  on  August  28, 1905, 
by  R.S.  Hawley. 

Discharge,  2.4  second-feet. 

Middle  Fork  off  Kings  River. — This  is  one  of  the  principal  tributaries  of  Kings  River  and 
drains  the  high  Sierra  Nevadas  in  the  northeastern  portion  of  its  watershed.  A  measure- 
ment was  made  on  August  28,  1905, 50  feet  above  the  mouth  of  Horseshoe  Creek,  at  the 
kmerend  of  Simpson  Meadow,  by  R.  S.  Hawley. 

Width,  41  feet;  area,  65  square  feet;  mean  velocity,  1.83  feet  per  second;  discharge,  119 
second-feet. 

Ooddard  Creek.— This  stTe&m  is  the  principal  tributary  of  Middle  Fork  of  Kings  River, 
entering  it  from  the  north.  A  measurement  was  made  August  28,  1905,  one-fourth  mile 
above  its  mouth  at  Simpson  Meadow  by  R.  S.  Hawley.  ^^  , 
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Width,  26  feet;  area,  29  square  feet;  mean  velocity,  1.93  feet  per  second;  dischaiige,  56 
second-feet. 

Dougherty  Creek. — ^This  stream  enters  Middle  Fork  of  Kings  River  from  the  south  about  1 
mile  below  Simpson  Meadow.  A  measurement  was  made  August  29,  1905,  300  feet  above 
its  mouth  hy  R.  S.  Hawley. 

Width,  4  feet;  area  4.4  square  feet;  mean  velocity,  0.86  foot  per  second;  discharge,  Z^ 
second-feet. 

Slide  Creek. — This  is  a  small  stream  entering  Middle  Fork  of  Kings  River  from  the  south 
3  miles  below  Simpson  Meadow.  An  estimate  of  its  discharge  was  made  300  feet  above  its 
mouth  August  29, 19a5,  by  R.  S.  Hawley. 

Discharge,  O.oO  second-foot. 

Crown  Creek. — This  stream  enters  Middle  Fork  of  Kings  River  in  Tehipite  Valley  one-half 
mile  southwest  of  Tehipite  Dome.  An  estimate  of  its  dischai^  was  made  on  August  29, 
1905,  500  feet  above  its  mouth,  above  the  trail  crossing,  by  R.  S.  Hawley. 

Discharge,  8.0  second-feet. 

Blue  Canyon  Creek. — This  stream  enters  Middle  Fork  of  Kings  River  2  miles  above  Tehi- 
pite Dome.  An  estimate  was  made  of  the  dischai^  August  29,  1905,  200  feet  above  its 
mouth  by  R.  S.  Hawley, 

Discharge,  1.4  second-feet. 

Raneheria  Creek. — This  stream  enters  North  Fork  of  Kings  River  about  4  miles  below 
Cliff  Camp.  A  measurement  was  made  on  August  31,  1905,  about  4  miles  above  its  mouth 
and  just  below  its  junction  with  North  Fork  of  Rancheria  Creek  by  R.  S.  Hawley. 

Width,  8  feet;  area,  7.2  square  feet;  mean  velocity, 0.78  foot  per  second;  discharge,  5,6 
secx)nd-feet. 

North  Fork  of  Rancheria  Creek. — ^Thw  stream  joins  Rancheria  Creek  about  4  mil^  above 
its  mouth.  A  measurehient  was  made  August  31,  1905,  100  feet  above  its  junction  ^th 
Rancheria  Creek,  by  R.  S.  Hawley. 

W^idth,  2  feet;  area,  1.2  square  feet;  mean  velocity,  2.00  feet  per  second;  dischai^,  2.4 
second-feet. 

North  Fork  of  Kings  Rive*'. — A  mea.surement  was  made  on  this  stream  on  August  31 ,  1905, 
about  one-half  mile  alx>ve  Cliff  Camp  and  alxjut  15  miles  above  its  mouth,  by  R.  S.  Hawley. 

Width,  8.0  feet;  area,  12.8  square  feet;  mean  velocity,  0.73  foot  per  second;  dischai^, 
9.4  second-feet. 

Bear  Creek. ~T[ns  stream  is  tributary  to  North  Fork  of  Kings  River  through  Dinkey 
Creek.  An  estimate  was  made  of  the  dischai^ge  of  this  stream  on  August  31, 1905,  about  2 
miles  above  its  junction  with  Dinkey  Creek  at  trail  crossing,  by  R.  S.  Hawley. 

Discharge,  0.70  secx)nd-foot. 

Laurel  Creek. — This  stream  is  tributary  to  North  Fork  of  Kings  River  through  Bear 
Creek  and  Dinkey  Creek.  An  estimate  was  made  of  the  dischai^e  on  August  31,  1905, 
about  one-fourth  mile  above  junction  with  Bear  Creek,  by  R.  S.  Hawley. 

Discharge,  0.40  second-foot. 

Dinkey  Creek. — This  stream  is  a  tributary  of  North  Fork  of  Kings  River  from  the  west. 
A  measurement  wn,s  made  about  IJ  miles  above  the  mouth  of  Bear  Creek  at  Dinkey  Mead- 
ows on  September  1,  1905,  by  R.  S.  Hawley. 

Width,  6  feel ;  area,  4  square  feet;  mean  velocity,  0.70  foot  per  second;  dischai^,  2.8 
second-feet. 

MERCED  RIVEIl  DRAINAGE  BASIN. 

DEBCRIPTIOK  OF  BASIN. 

Merced  River  drains  that  portion  of  the  western  slope  of  the  Sierra  Nevada  loe^t^ 
Ix'tween  the  Tuolumne  River  on  the  north  and  the  San  Joaquin  River  on  the  south.  Its 
druinaijjo  area  is  much  less  than  that  of  the  Tuolumne  River.  It  has  numerous  tributaries, 
several  of  which  are  of  considerable  size. 

Tlie  topography  of  the  country  in  this  btisin  is  similar  to  that  of  the  Tuolumne  River. 
lH?ing  rough  and  broken  in  the  upper  reaches.     In  this  basin  is  situated  the  famous  Yosemite 
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Valky  with  its  precipitous  walls  and  domes  and  great  waterfalls,  which  occur  on  the  main 
stream  and  its  tributari^,  which  discharge  into  the  valley  over  precipitous  cliffs  rising  2,000 
to  3,000  feet  above  the  floor  of  the  valley.  The  formation  is  of  granite  which  on  the  upper 
reaches  of  the  basin  above  Yosemite  Valley  is  bare,  rising  in  precipitous  peaks  and  domes, 
Mid  is  smoothly  marked  by  glacial  action.  The  middle  reaches' of  the  basin  are  well  tim- 
bered. The  ^tariposa  grove  of  big  trees  is  situated  in  the  basin  of  the  South  Fork.  The 
timber  growth  extends  well  down  on  the  lower  elevations  to  the  foothills  where  the  cover- 
ing is  of  brush  and  grass,  used  extensively  for  pasturage.  Numerous  lakes  are  scattered 
over  the  upper  portion  of  the  basin.  The  mean  annual  precipitation  varies  from  25  inches 
in  the  foothills  to  60  ipches  on  the  higher  elevations,  where  it  falls  in  the  form  of  snow,  which 
Doelts  in  the  spring  months,  except  on  the  extreme  higher  mountain  peaks,  where  it  often 
mnains  during  the  entire  year.  After  leaving  the  foothills  at  Merced  Falls,  where  the 
gaging  station  is  located,  canals  divert  the  water  for  irrigation  on  lands  along  the  river  bot- 
tom and  in  San  Joaquin  Valley.  The  surplus  water  during  flood  dischaige  enters  San 
Joaquin  River. 

MEECED  SIVSB  IK  Y08EXITS  VALLEY,  OALIFORKIA. 

This  station  was  established  July  11,  1904,  by  A.  E.  Chandler  and  N.  W.  Currie.  It  is 
kjcated  at  the  wagon  bridge,  near  the  Sentinel  Hotel. 

Tbe  channel  is  straight  for  a  distance  of  150  feet  above  and  50  feet  below  station.  The 
current  is  sluggish.  The  right  bank  is  low  and  subject  to  overflow.  The  left  bank  is  high 
and  above  high  water.  The  bed  of  the  stream  is  composed  of  coarse  gravel  and  sand,  with 
vnall  bowlders,  and  is  not  subject  to  much  change. 

Discharge  measurements  are  made  from  the  lower  side  of  the  bridge.  The  initial  point 
for  soundings  is  stream  face  of  abutment  on  right  bank. 

The  gage  Is  a  vertical  timber,  securely  fastened  to  a  masonry  abutment  on  west  bank. 
The  bench  mark  is  the  heads  of  two  large  nails  driven  into  the  stream  face  of  the  bridge- 
seat  timber  on  the  left  atmtment;  elevation,  14.64  feet  above  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  height  and  dischaige  data,  is  contained  in  Water. 
I^pply  Paper  No.  134,  United  States  Greological  Survey. 

Discharge  measturemenis  of  Merced  River  in  Yosemite  Valley,  Calijomia,  in  1905. 


Date. 


Hydrographer. 


Jirnee W.  B.  Clapp. 

Junes do 


iunell I  N.W.  Currie. 

J  une  12 1 do 

Jane  20 ' do 

Jun«35 1 do 

Jime28 do 

July  4 1 do 

July  13 do 

July  17 ' do 

July  31 do 

Aogun  25 do 

<)ctob*r24 1 do 


o  Wading  40()  feet  below  bridge. 


IRK  177—06 14 


Width. 

Area  of 
section. 

Mean 
velocity. 

Ft.  per  sec. 

Gage 
height. 

Feet. 

Dis- 
charge. 

Feet. 

Sq.ft. 

Sec.-ft. 

93 

593 

2.40 

6.15 

1,421 

93 

626 

2.58 

6.45 

1,617 

93 

730 

3.14 

6.95 

2,289 

93 

782 

3.52 

7.52 

2,751 

93 

730 

3.07 

6.92 

2,240 

93 

594 

2.28 

6.00 

1,354 

90 

568 

2.15 

5.70 

1,221 

90 

518 

1.90 

5.40 

984 

90 

448 

1.44 

4.80 

647 

90 

396 

.92 

4.20 

365 

92 

362 

.52 

3.78 

190 

92 

308 

.30 

3.40 

91 

20 

10.5 

1.46 

3.10 

a\r,.:i 

Digitized  byVjOOQlC 


202 


STREAM   MEASQEEMENTS   IN   1905,  PART   2nil. 


DaUy  gage  height ^  in  feet ^  of  Merced  River  in  Yosemite  VaUtyy  California,  for  1905. 


Day. 

May. 

June. 

6.2 

6.2 

6.1 

5.95 

5.8 

July. 

5.7 

5.5 

5.3 

5.4 

5.35 

5.35 

5.3 

5.25 

5.5 

5.5 

5.3 

5.1 

4.8 

4.5 

4.35 

4.3 

Aug. 

3.7 

3.7 

3.7 

3.7 

3.65 

3.6 

3.6 

3.6 

3.7 

3.7 

3.7 

3.6 

3.6 

3.5 

3.5 

3.5 

Sept 
3.3 

2 

3.3 

3 

3.3 

4 

3.25 

5 

3.2 

6 

6.2 

6.5 

6.4 

6.2 

6.55 

7.0 

7.5 

7.4.5 

7.3,5 

7.3 

7.4 

3.2 

7 

3.2 

8 

3.2 

g 

3.2 

10 

3.2 

11 

3.2 

12 

3.15 

13 

3.1 

14 

3.1 

15...^ 

3.1 

16 

3.1 

Oct. 

3.3 
o3.3 

3.25 
0  3.25 
a3.25 
a3.25 

3.25 
«3.25 
«3.2 

3.2 
a  3. 2 

3.2 
a3.2 

3,15 

3.15 
a  3. 15 


Day. 

May. 

June. 

7.1 
6.9 
6.8 
6.9 
7.1 
7.0 

July. 

4.2 
4.15 
4.2 
4.2 
4.2 
^2 
4.2 

Aug. 

17 

3.5 

18 

3.5 

1  19 

3.45 

I20 

3.45 

|21 

3.45 

1 
22 

3.45 

1 

1  23 

6.8 

6.5 

3.45 

|24 

6.8 

6.5 

4.2 

3.4 

125 

1  26 

7.1 

6.0 

4.1 

3.4 

7.1 

6.0 

4.1 

3.35 

'27 

6.3 

5.8 

4.1 

3.3 

1  28 

a6.0 

5.7 

4.0 

3.3 

i  29 

5.7 

5.95 

3.9 

3.3 

130 

6.1 

5.8 

3.8 

3.3 

31 

1 

6.1 

3.8 

3.3 

'! 

Sept.    Oct 


3.1 

«3,i:, 

3.1 

•  3.15 

3.15 

•  3.U 

3.2 

•  3-1 

3.2 

3.1 

3.2 

•  3.1 

3.3 

•  3.1 

3.3 

3.1 

3.3 

3.3 

3.3 

3.4 

1 

3.4 

1 

3.35 

1 

1 

a  Gage  height  estVmatod. 

Station  rating  (able  for  Merced  River  in  Yosemite  Valley y  California,  from  Jtdy  11,  190J^,  to 

December  SI,  lijOS, 


Gage 

height. 

Discharge. 

Feet. 

Second-feet. 

3.10 

15 

3.20 

38 

3.30 

63 

3.40 

90 

3.50 

118 

3.60 

147 

3.70 

178 

3.80 

212 

3.90 

248 

4.00 

286 





Gage 
height. 

Feet. 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 


Discharge. 

Gage     ; 
height.   ; 

Second-feet. 

Feet. 

326 

5.10 

368 

5.20 

412 

5.30 

457 

5.40 

504 

5.50 

552 

5.60 

602 

5.70 

653 

5.80 

706 

5.90 

760 

6.00 

I  Discharge. 

Second-feet. 

815 

870 

925 

985 

1,0»5 

1,105 

1,170 

1,235 

1,300 

1,365 


°X.  lotachan^e. 


heigl 




FeeL 

Second-feet. 

6.20 

1,506 

6.40 

1,645 

6.60 

1,795 

6.80 

1,950 

7.00 

2,110 

7.20 

2,275 

7.40 

2.445 

\ 

Note.— The  above  table  i8  based  on  12  discharge  measurements  made  during  1904-5. 
defined  between  gage  heights  3.1  feet  and  6.5  feet. 


It  is  well 
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Estimated  monthly  disdutrge  of  Merced  River  in  Yosemite  V alley.  Califomiaf  for  1904  ojid 

1905. 


July  11-31 
August 
September  1-24 


The  period 


185,100 


MERGES  RIVER  ABOVE  KERCED  FALLS,  OAL. 

Hie  measuremeDt  of  this  stream  was  undertaken  in  response  to  numerous  requests  from 
mining  and  irrigation  interests.  The  midsimimer  flow  of  the  stream  is  le^s  than  the  com- 
bined capacity  of  the  irrigation  and  power  canals  taking  water  in  the  vicinity  of  Snelling. 
The  station  was  established  April  6,  1901 ,  by  II.  H.  Henderson.  It  is  located  1  mile  above 
Merced  Falls. 

Both  banks  are  high  and  rocky  and  are  not  subject  to  overflow.  The  l>ed  of  the  stream 
is  composed  of  gravel  and  is  subject  to  some  change. 

Dischaiige  measurements  are  made  from  a  cable  and  c^r. 

The  gage  is  a  timber  bolted  to  iron  stakes  driven  in  the  bed  of  the  stream  on  the  left  bank. 
During  1905  the  gage  was  read  by  Charles  Siegfeldt.  The  bench  mark  is  a  three-fourths 
inch  round  iron  bolt  set  10  inches  in  the  slate  rock  on  the  right  bank  of  the  river;  elevation, 
69.20  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  81,  85, 
100.  and  134  of  the  United  States  Geological  Survey. 

Discharge  measurements  of  Merced  River  above  Merced  Falls,  California,  in  1905. 


I>ate. 


lUn^  16 

April  7 

IU724 

JonelT 

July  21 

September  14. 
October  19.... 
Octobers.... 
December  7... 


Hydrographer. 


F.  R.  8.  Buttemer. . 

O.  W.  Peterson 

R.  8.  Hawley 

do 

do 

C.H.Lee 

Hawley  and  Lee 

do 

Hawley  and  Eaton. 


Width. 

Area  of 
section. 

Feet. 

Sq.ft. 

179 

447 

184 

597 

265 

862 

272 

797 

141 

282 

106 

128 

104 

128 

44 

38 

65 

57 

Mean 
velocity. 

Gage 
height. 

Ft.  per  sec. 

Feet. 

2.84 

10.19 

3.79 

10.75 

4.94 

11.91 

4.56 

11.65 

1.74 

9.04 

.43 

7.82 

.37 

7.80 

1.34 

7.80 

1.58 

8.00 

Dis- 
charge. 

Sec.-ft. 

1,260 

2,263 

4,261 

3,632 

490 

56 

48 

51 

90 
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8TEEAM   MEASUREMENTS    IN    19a5,   PART    XIII. 


^  Daily  gage  heighty  in  feet,  qf  Merced  River  above  Merced  FaUs,  Cat.,  for  1905. 


Day.  ' 

» i 

2 

3 ' 

4 t 

5 1 

8 1 

9 1 

10 

II I 

12 

13 

14 1 

15 

16 

17 

18 

19 

20 ! 

21 ' 

22 , 

23 i 

24 ; 

25 , 

2« I 

27 1 

2« , 

29 1 

30 ; 

31 ' 


Jan.      Feb.  i  Mar.     Apr.  i  May. 


0.2 

8.05 

8.&5 

8.8 

8.7 

8.7 

8.7 

8.7 

8.7 

8.7 

8.7 

8.65 

8.6 

8.6 

8.6 

8.7 

8.7 

8.6 

8.7 

8.7 

8.9 

9.05 

8.9 

8.8.') 

8.8.-I 

8.S 

8.75 

8.7  ; 

8.7    ' 

8.7  j 

8.8  ! 


I 


9.2 
13.45  ! 
10.75  j 
10.45  , 
10.8  ! 
10.35  I 
9.85  I 
9.65  I 

9.5  ; 
9.4  ; 

9.3    ' 
9.25 
9.1     , 
9.1     ' 


9.3 

9.3 

9.3 

9.35 

9.35 

9.3 

9.25 

0.25 

9.3 

9.4 

9.4 

9.4 


9.5 
9.6 
9.7 
9.8 
9.8 
9.75 
9.8 
9.85 
9.85 
9.85 
9.85 
9.8 
10.05 
10.6 
10.25 
10.15 
11.3 
10.7 
13.55 
11.75 
10.9 
10.. 55 
10.3 
10.3 
10.2 
10.3 
10.  4J 
10.2 
10.4 
10.  .V) 
10.2 


10.3 

10.3 

10.25 

10.3 

10.45  ' 

10. 15 

10.2 

10.3 

10.4 

10.5 

10.6 

10.7 

10.7 

10.7 

10. 75 

10.6 

10.4 

10.3 

10.25 

10.4 

10.6 

10.5 

10.55 

10.8 

10.55 

10.4 

10.35 

10.35 

10.  .W 

10.8 

10.  S5 

11.0 

11.4 

11.75 

11.8 


11.55 

11.2 

10.95 

10.8 

10.7 

10.6 

10.7 

11.05 

10.85 

10.65 

10.6 

10.5 

10.6 

10.85 

11.  a5 
12.05 
12.7 
12.5 
12.25 
12.35 
12.25 
11.95 
11.8 
ll.U 

12.  a5 
12.05 

11.4 
11.15 
11.2 
li.:r» 


June.    July.     Aug.  ,  .Sept.     Oct.      Nov.    Dec, 


11.45 

11.35 

11.35 

11.2 

11.05 

11.2 

11.45 

11.45 

11.35 

11.35 

11.6 

11.05 

11.85 

11.75 

11.7 

11.7 

11.6 

11. « 

11.4 

11.3 

11.3 

11.3 

11.05 

10.8.5 

10.65 

10.6 

10.5.') 

10.45 

10.5 

10.5 


10.4 
10.25 
10.15 
10.05 
10.  a5 
9.05 
0.05 
9.9 
9.95 
10.0 
9.9 
9.8 
9.7 
9.55 
9.35 
9.25 
9.1 
9.1 
9.05 
9.0 
9.0 
9,0 
9.0 
9.0 
9.0 
8.9 
8.9 
8.85 
H.H 
8.75 
S.65 


8.6 

8.5 

8.5 

8.45 

8.4 

8.4 

8.35 

8.35 

8.4 

8.3 

8.a5 

8.4 

8.4 

8.35 

8.3 

8.25 

8.2 

8.2 

8.15 

8.1 

8.1 

8.1 

8.1 

8.1 

8.1 

8.1 

8.1 

8.1 

8.0 

8.0 

8.0 


8.0 
7.95 
7.9S 
8.0 
8.05 
8,0 
7.9 


7.9 
7.9 
7.9 

7.85 

7.8 

7.85 

7.R5 

7.85 

7.85 

7.8 

7.8 

7.8 

7.75 

7.8 

7.7 

7.7 

7.8 

7.8 

7.8 

7.8 


7.85 
7.8 
7.9     , 

7.8  , 

7.9  , 
7.9 


7.9 
7.9 
7.9 
7.9 

7.8 

7.8 

7.85 

7.85 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.85 

7.9 

7.85 

7.85 

T.Xi 

7.85 

7.85 

7.85 

7.8 

7.8 


7.8 

7.85 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.S5 

7.85 

7.9 

7.8 
7.8 
7.<S 
7.H5 
7.85 
7. 85 
7.85 
7.9     , 
7.9     , 
7.9     1 
7.9     , 
7.9     , 
7.9     j 
7.9     , 
8.0     i 
7.05  1 
8.25  ' 
8,15  I 


8.1 

8.1 

8.0 

7.9S 

8-0 

8-0 

8-0 

8-0 

8-0 

8.0 

8-0 

7.9 

7.9 

7.9 

7.« 

7.95 

8,1 
H.1 

8.  as 

8.J 

aoo 

8.05 

8.0 

8.0 

8.0 

8,0 

8.ai 

H.2 
8.2 
8.2 


Station  rating  table  for  Merced  River  above  Merced  Falls,  Cal.^from  January  1  to  December 

SI,  1905. 


Gaee 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
'    height. 

Discharge. 

height. 

Discharge,  i 

Feet. 

Second-feet. 

Feet.  ' 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

7.70 

a-i 

9.00 

46.'> 

10.30 

;          1,570 

11.60 

3,570 

7.80 

1              ^ 

9.10 

520 

10.40 

;          1,690 

11.70 

3.755 

7.90 

70 

9.20 

580 

10.50 

;         1,820    ! 

11.80 

3,945 

8.00 

90 

9.30 

645 

10.60 

1,955    1 

11.90 

4,140 

8.10 

1             '^^    1 

9.40 

715 

10.70 

!          2,095    . 

12.00 

4,340 

8.20 

1              140    \ 

9.50 

790 

10.80 

1         2,240    ; 

12.20 

4,755 

8.30 

1              170    1 

9.60 

870 

10.90 

2,390     1 

12.40 

5,200 

8.40 

1             200    ! 

9.70 

955 

,     >ioo 

i          2,545     >; 

12.60 

5,665 

8.50 

1              235    , 

9.80 

1,045 

11.10 

2, 7a'> 

12.80 

6,140    ' 

8.60 

1             275    ^ 

9.90 

1,140 

11.20 

2,870 

13.00 

6,630 

8.70 

1             315 

10.00 

1,240 

11.30 

'          3,040 

1 

8.80 

1             360    1 

10.10 

1,345 

11.40 

1          3,215 

1 

8.90 

410 

10.20 

1,455 

11.50 

3.390 

1 

1 

Note.— The  above  table  is  based  on  9  discharge  measurements  made  during  1905.    It  is  well 
defined  between  gage  heights  7.8  feet  and  12  feet. 
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Estimated  monthly  discharge  of  Merced  River  above  Merced  Falls ,  Oal.,  for  1905. 
[Drainage  area,  1,090  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum.  Minimum.  <      Mean. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

.\ovember 

Deceniber 

The  year 


YOSBMITE   ORSEK   IH   YOBEIUTE   VALLEY.   OALITORjriA. 


It  is 


This  station  was  established  July  9,  1904,  by  A.  E.  Chandler  and  N.  W.  Currie. 
located  at  the  wagon  bridge,  about  one-half  mile  from  Yosemite,  Cal. 

The  channel  is  straight  for  50  feet  above  and  100  feet  below  station.  Both  banks  are  above 
hi^  water.    The  bed  of  the  stream  is  composed  of  small  granite  fragments  and  is  permanent. 

Dischaige  measurements  are  made  from  the  lower  side  of  the  bridge.  The  initial  point  for 
soundings  is  the  stream  face  of  the  abutment  on  the  right  bank. 

The  gage  is  a  vertical  timber  securely  fastened  to  an  alder  tree  on  the  right  bank  50  feet 
above  bridge.  The  bench  mark  is  the  heads  of  two  nails  driven  in  the  alder  tree,  to  which 
the  gage  is  fastened.     Elevation,  9.40  feet  above  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  height  and  dischai^  data,  is  contained  in  Water- 
Supply  Paper  No.  134,  United  States  Geological  Survey. 

Discharge  measurements  of  Yosemite  Creeic  in  Yosemite  Valley ,  California  j  in  1905, 


Date. 

1                   Hydrographer. 

Width. 



Feet. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

i 

Sq.ft. 

Ft.  per  sec. 

Feet. 

Sec.~ft. 

Jane  7 

.1  W.B.Clapp 

39 

106 

2.19 

0.05 

232 

June  13 

.J  N.  W.  Currie 

37 

122 

2.39 

6.55 

290 

June  19 

do 

40 

100 

2.8 

5.78 

208 

June  24 

.J do 

35 

82 

1.72 

6.40 

141 

June  27 

do 

35 

7« 

1.54 

6.16 

117 

July  4 

do 

33 

67 

1.16 

4.75 

66 

July  14 

do ^ 

31 

42 

.71 

4.80 

30 

July  23 

..' do .\ 

29 
28 

85 
20 

.42 
.OS 

4.10 
3.90 

14.7 

August  1 

.J do 

2.3 

1 
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STREAM   MEASUREMENTS    IN    1905,   PART    XHI. 


DaUy  gage  height j  in  feet,  ofYo&tmiU  Cretk  in  YosemiU  VaHeyy  Calif amia,  for  1905. 


Day. 


1.. 

2.. 

3.. 

4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


May.  t  June.  July.  Aug. 


6.3 

6.4 

6.3 

5.96 

5.8 

5.9 

6.2 

6.1 

6.0 

6.5 

6.3 

6.4 

6.55 

6.35 

6.35 

6.35 


5.0 

4.9 

4.8 

4.75 

4.75 

4.75 

4.7 

4.7 

4.75 

4.7 

4.6 

4.5 

4.4 

4.3 

4.25 

4.25 


3.9 

3.7 

3.85 

3.85 

3.85 

3.8 

3-8 

3.7 

3.8 

3.8 

3.8 

3.8 

3.78 

3.8 

3.8 

3.79 


1 


I 


Sept. ,   Oct.  I       Day.       :  May. .  June.i  July. 


3.7 
3.7 
3.7 
1  3.7 
I  3.7 
j  3.7 
!  3.7 
I  3.7 
'    3.7 

i  ^' 

I    3.7 

'a3.7 
3.7 
3.7 
3.7 
3.7 


I 


I  3.7 
.3.7 
3.65 
'a3.65 
'«3.65 
|«3.65 
I  3.65 
U3.65 
]o3.65 
a3.65 
a3-65 
«3.65 
a3.65 
I  3.65 
'-3.66 


17..    .. 

! 

18 

19 

20 

21 

22           --    

23 

...   6.7 

24 

...   6.7 

25 

...     6.8 

26 

...     6.8 

27 

...     6.3 

28 

...'    6.2 

29 

...,    6.0 

30 

...     6.3 

31 

..J    6.3 

6.0 

5.9 

5.78 

5.75 

5.9 

5.7 

5.4 

5.4 

5.25 

5.3 

5.15 

5.0 

5.2 

5.0 


1 4.2 

4.2 

I  ^-2 

■  4.2 

'  4.18 

I  4. 15 

I  4.1 

4.1 

4.0 

4.0 

'4.0 

t  3-95 

3.95 

,3.9 

,  3.9 


Aug. 


a3.65  I 


3.79 

3.79 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.72 

3.7 

3.7 

3.7 

3.7 


Sept 


3.7 
«3.7 
«3.7 
;o3.> 
'<»3.7 
)  3.65 
0  3.65 
j  3.65 
03. 65 
Ia3.65 
03.65 

I  3.7 

«3.7 
I    3.7 


Oct. 

«a.6& 

•  3.65 

•  3.65 

•  3.65 
3.65 

•  3.65 

•  3.65 
3.65 


I 


a  Estimated. 


Station  rating  iabUfor  Tosemite  Creek  in  Yosemiie  V alley ^  Califomiaf  from  July  1,  1904, 

to  December  SI,  1905, 


hei^t. 

Discharge. 

hei^. 

Discharge. 

Gace 
height. 

Discharge. 

Gage 
height. 

1                     1 
,  Discharge.' 

1 

Feet. 

Second-feel. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

3.70 

2 

4.60 

56 

5.50 

150 

6.40 

280 

3.80 

3 

4.70 

(                59 

5.60 

163 

6.50 

296 

3.90 

5 

4.80 

j               69 

5.70 

i             ^^ 

6.60 

312 

4.00 

8 

4.90 

'               79 

5.80 

,              191 

6.70 

328 

4.10 

14 

5.00 

'               90 

5.90 

,             205 

6.80 

344 

4.20 

20 

5.10 

1              101 

6.00 

t             220 

6.90 

3ao 

4.30 

27 

5.20 

113 

6.10 

,             235 

7.00 

3;7 

4.40 

34 

5.30 

1              125 

6.20 

'             250 

4.50 

42 

5.40 

1              137 

6.30 

1             265 

Note.— The  above  table  is  based  on  11  dischaige  measurements  made  duiing  1904-5.    It  is  veil 
defined. 
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EiiimaUd  monthly  dUcharge  of  Yosemite  Credle  in  Yosemite  Valley,  Oalifomiaf  for  1904 

and  1905. 


Month. 


July  11  to  31 

August 

September  I  to  24. 


1904. 


May  23  to  31.... 

Jane 

July 

August 

September 

October  1  to  24. 


1905. 


The  period. 


Discharge  in  second-feet. 


Maximum.'  Minimum.  I    Mean. 


59 
50 

344 

304 

90 

5 

2 

2 


3 
2.5 

220 

90 

5 

2 

1.5 
1.5 


32.2 
9.9 

4.7 

290 

206 

34.3 

2.8 

1.9 

1.5 


Total  in 
acre-feet. 


1,341 
609 
224 

6,177 

12,260 

2,109 

172 

113 

71 


19,900 


TIHAYA  GSEEK  IK  Y08BMITS  YALLET,  GALIFORKIA. 

This  station  was  established  July  11,  1904,  by  A.  E.  Chandler  and  N.  W.  Currie.  It  is 
located  by  the  wagon  bridge,  about  2  miles  from  Yosemite,  Cal. 

TTie  channel  is  straight  for  200  feet  above  and  below  the  station.  Both  banks  are  above 
high  water.  The  bed  of  the  stream  is  composed  of  small  granite  fragments  and  is  not  subject 
to  change. 

Dischaige  measurements  are  made  from  the  bridge.  The  initial  point  for  soundings  is  the 
stream  face  of  the  abutment  on  the  right  bank. 

The  gage  is  a  vertical  timber  securely  fastened  to  the  bridge  stringer  on  upper  side  of 
bridge,  9  feet  from  left  abutment.  The  bench  mark  is  formed  by  the  heads  of  two  nails  in 
the  top  of  the  bridge  stringer  near  the  gage;  elevation,  12.70  feet  above  the  datum  of  the 

A  description  of  this  station,  with  gage  height  and  discharge  data,  is  contained  in  Water- 
Supply  Paper  No.  134,  United  States  Geological  Survey. 

Diteharge  measuremenis  qfTenaya  Creek  in  Yosemite  Valley,  California,  in  1905. 


Date. 

Width. 

Area  of 
section. 

Sq.ft. 
119 
125 
110 

90 

72 

51 

37 

16.8 

Mean 
velocity. 

Gage 
height. 

Feet. 
5.95 
6.00 
5.65 
5.18 
4.80 
4.40 
4.10 
3.60 
3.35 

Dis- 
charge. 

Jane? 

W.  B.  ClaoD 

Feet. 
45 
45 
45 
45 
45 
42 
41 
34 

Ft.  per  sec. 
3.36 
3.42 
3.03 
2.46 
2.01 
1.59 
1.19 
.84 

Sec.-ft. 
400 

June  14 

N.  W.  Currie 

428 

June  19 

do 

333 

Jnne24 

do 

221 

Jime28 

do 

145 

Julys 

do 

81 

July  12 

do 

44 

July  24 

.::..do :: 

14.1 

Octoberla. 

do 

3 

i 

a  Estimated. 
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Dailif  gage  htigfU,  in  feet,  ofTenaya  Creek  in  Yosemite  V  alley  y  Calif ornki,  far  1905. 


Oay. 


June.    July.     Aug.     Sept.     Oct. 


Day. 


1 

5. 9 

4.7 

3.5 

3.35 

1.35 

17 

2 

5.9 

4.6 

3.5 

3.35 

«3.35 

18 

3 

5.9 

4.5 

3.5 

3.35 

03.35 

19 

4 

5. 7 

4.4 

3.45 

3.35 

03.35 

20 

5 

5.6 

4.4    ' 

3.45 

3.35 

03.35 

21 

6 

5. 7 

4.35  ' 
4.3 

4.25 

3.4 
3.4 
3.4 

3.35 
3.35 
3.35 

03.35 

3.35 

•  3.35 

?? 

6.0 

?3 

K 

5.8 

24. 

9 

5. 75 

4.2 

3.4 

3.3,'i 

03.*''. 

25. 

10 

6.0 

4.1 

3.4 

3.35 

3.35 

26. 

11...   . 

6.01 

4.1 
4.1 

3.38 
3.38 

3.r> 

3. 35 

o3.ri 

«3.a') 

*>" 

12 

6.0 

28 

13 

6.  15 

4.0 

3.38 

3.35 

a  3. 35 

?9 

14 

5.98 

3.a'i 

3.  as 

3.35 

3.3'i 

3D. 

15 

5.95 

3.9 

3.38 

3.35 

3.3,> 

31 

16 

5.9     , 

3.85 

3.38 

3.35 

03.35 

June. 

5.8 

5.75 

5.65 

5.55 

5.55 

5.5 

5.3 

5.18 

5.1 

5.0 

4.9 

4.83 

4.8 

4.7 


July.  1  Aug.  I  S«pt.     (XX. 


3.8.i  , 
3.8 
3.75; 
3.7    I 

3.7  ; 

3.65 
3.6    I 

3.6  ; 

3.6 
3.55  ' 
3.55  I 
3.55  ' 
3.5  I 
3.5  I 
3.5    i 


3.38 

3.38 
3.38 
3.38 
3.38 

3.38 
3.38 
3.38 
3.38 
3.38 
3.38 
3.38 
3.35 
3.35 
3.35 


1  3.35 
I<i3.i5 
-3-35 
a  3. 35 
a  3. 35 
«3.35 
3.35 
3.35 
*»3.35 
a  3. 35 

a  3.  35 
03.35 


.3.r.   1 


o  Gage  heights  estimated. 

Station  rating  table  for  Tenaya  Creek  in  Yosemite  VaUey,  Califomia,  from  July  7,  7904,  to 

December  SU  1905. 


,eiX.     I^i-^harge. 


heigl 

Feet. 
3.40 
3.  rjO 
3.60 
3.70 
3.80 
3.90 
4,00 
4.10 


Gage 
height. 


Discharge.  \\ 


Srcond-fret. 

4.5 

8 
12 
17 
22 
28 
35 
44 


\€t. 

Second-fret. 

4.20 

54 

4.:» 

66 

4.40 

80 

4.50 

95 

4.60 

111 

4.70 

128 

4.80 

146 

4.90 

ia5 

Gage 
height. 

Feet. 
.5.00 
5. 10 
5.20 
5.30 
5.40 
5.50 
5.60 
5.70 


Discharge.  1 

Gage 
height. 

,  Di8charg«». 

Second-feet. 

Feet. 

Second-feet. 

\M    t 

5.80 

368 

204    ! 

5.90 

'             305 

225  ; 

6.00 

422 

247    1 

6.10 

1             450 

270 

6.20 

480 

293 

6.30 

512 

317 

1 

342 

1 

1 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  la  baaed  on  11  dischar^pp 
measurements  made  during  1904-5.    It  is  well  defined  between  gage  heights  3.3  feet  and  6  feet. 

Estimated  iiwntUy  discharge  of  Tenaya  Creek  in  Yosemite  Valley ,  Califomiay  for  1904.  *^ 

1905. 


Month. 


July  U-31 

August 

September  1-24 


May  23-31 

June 

July 

August i 

September. 
October  1-21 

The  period 
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MIBGELLANEOXrS  MEASUllEMENTB  IK  MEKCES  RIVEK  DRAINAOE  BASIN. 

Bridal  VeU  Creek,  Yosemite  Valley,  California.— This  stream  is  a  tributary  of  the  Merced 
River.  An  estimate  was  made  of  the  discharge*  at  a  point  500  feet  alK)ve  its  junction  with 
Mercwl  River  and  about  1,000  feet  below  Bridal  Veil  Falls  on  June  7,  1905,  by  W.  B. 
Clapp.  It  was  impossible  to  make  a  measurement  on  acc-ount  of  the  rough  bed  and  heavy 
grade  of  the  stream. 

Bstimated  discharge,  100  second-feet. 

Cascade  Creek,  Yosemite  Valley,  Califomia. — This  stream  is  a  tributary  of  the  Merced 
River.  An  estimate  was  made  of  the  discharge  at  a  point  500  feet  below  Cascade  Falls  near 
mouth  of  creek  on  June  6,  1905,  by  W.  B.  Clapp. 

Estimated  discharge,  150  second-feet. 

Ribbon  Falls  Creek,  Yosemite  Valley,  California. — ThLs  stream  is  tributary  to  Merced 
River  in  Yosemite  Valley.  A  measurement  was  made  where  the  creek  crossc^s  the  road  on 
the  west  side  of  the  valley  on  June  7  by  W.  B.  Clapp. 

The  stream  was  flowing  in  several  shallow  channels. 

TotAl  width,  20.5  feet;  area,  9.0  sr|uare  feet;  mean  velocity,  1.89  feet  per  .second;  dis- 
charge, 17.0  .second-feet. 

TUOLUMNE  RIVER  DRAINAGE   BASIN. 

DESCRIPTIOK  OF  BABIH. 

Tuolumne  River  rises  on  the  western  slope  of  the  Sierra  Nevada  and  drains  the  country 
kicated  between  Stanislaus  River  on  the  north  and  Merced  River  on  the  south.     It  has 
numerous  tributaries,  several  of  which  produce  a  heavy  discharge.     The  country  through- 
cHit  this  basin  is  rough  and  rugged,  especially  along  the  main  river,  which  cuts  through  solid 
granite,  with  high  precipitous  cliffs  on  either  side.     Along  this  stream  is  found  some  of  the 
grandest  scenery  of  the  Sierra  Nevada.    This  .stream  drains  the  northern  portion  of  the 
Yosemite  National  Park,  where  is  located  the  Grand  Canyon  of  the  Tuolumne  and  the 
Hetch  Hetchy  Valley,  which  is  pronounced  by  many  to  exceed  the  famed  Yosemite  V^alley 
in  grandeur  and  beauty.    The  fonnation  is  of  granite,  which  on  the  higher  elevations  is 
We  and  glaciated,  often  rising  thousands  of  feet  in  vertical  cliffs  and  domes.     Along  the 
middle  reaches  of  this  basin  there  is  good  soil  covering,  with  a  heavy  timber  growth  of  pine, 
fir,  cedar,  and  other  kindred  trees.     On  the  lower  reaches  the  covering  is  a  heavy  growth 
of  brush,  which  diminishes  in  the  foothills  where  the  stream  enters  th»  San  Joaquin  Valley. 
This  portion  of  the  basin  has  a  light  soil  covering,  with  grass  growth,  which  is  used  for  pas- 
turage.   There  are  several  glacial  lakes  throughout  the  upper  reaches  of  this  basin,  many 
of  the  larger  of  which  offer  exceptional  opportunities  for  the  construction  of  storage  reser- 
voirs.   There  are  also  many  reservoir  sites  on  the  main  river.     The  stream  has  a  heavy 
fall,  and  the  opportunities  for  power  development  are  numerous.     Several  diversions  are 
made  above  the  gaging  station,  which  is  located  at  Lagrange,  where  the  stream  breaks 
from  the  foothills.     The  precipitation  on  the  upper  half  of  this  basin  falls  in  the  form  of 
snow,  a  greater  portion  of  which  disappears  in  the  spring  months,  but  on  the  higher  eleva- 
tions remains  until  late  in  the  summer.     The  mean  annual  rainfall  varies  from  about  30 
inches  on  the  lower  foothills  to  about  60  inches  on  the  higher  elevation;^. 

TTJOLUiarE  KIVEB  AT  LAORAKOE,  GAL. 

This  station  was  established  August  29,  1895,  by  J.  B.  Lippincott.  It  b  Iwated  nt  tb^ 
wagon  bridge,  in  the  town  of  Lagrange.  It  is  below  the  high  dam,  wlierp  the  diveraioiis 
are  made  by  the  Turlock  and  Modesto  canals,  and  also  below  the  head  of  the  canal  uf  th« 
l^tgrange  Ditch  and  Hydraulic  Mining  Company,  which  diverts  water  from  the  left  biink 
^  the  river  above  the  dam. 

T^  channel  is  straight  for  400  feet  above  and  600  feet  below  the  station.  It  ia  broken 
^  two  iron  piers  and  has  a  width  at  ordinaiy  stages  of  300  feet.    Duriixg  the  fie&son  ot 
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low  flow  all  the  water  is  taken  out  by  the  Turlock  and  Modesto  canals  above  the  station. 
The  record  of  flow  of  these  canals  is  kept.  The  bed  of  the  stream  is  composed  of  gmvel 
and  is  fairly  permanent.  The  current  is  swift  at  high  stages  and  very  sluggish  during  low 
water.  The  discharge  has  gradually  increased  each  year  for  the  same  gage  heights.  Both 
banks  are  high  and  not  subject  to  overflow. 

Dischaige  measurements  are  made  from  the  downstream  side  of  the  bridge.  Hie  initial 
point  for  soundings  is  a  mark  on  the  railing  of  the  bridge  100  feet  north  from  the  center  of 
first  pier  on  right  bank  of  the  river. 

The  gage  is  a  vertical  timber  fastened  to  the  right  abutment  of  the  bridge.  During  1905 
the  gage  was  read  by  R.  A.  Trurably.  Bench  marks  were  established  as  follows:  (1)  Top  of 
a  rock  marked  with  white  paint,  situated  on  the  left  bank  below  the  bridge  and  opposite  the 
573  foot  mark  of  the  cross  section;  elevation,  19.10  feet.  (2)  The  top  of  rock  marked  with 
white  paint,  situated  75  feet  downstream  from  bench  mark  No.  1 ;  elevation,  16.89  feet. 
Elevations  refer  to  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  81,  85, 
100,  and  134  of  the  United  States  Geological  Survey. 

Discharge  measuremenis  of  Tuolumne  River  at  Ldgrange,  Cal.,  in  1905, 


Date. 


March  15 

April  6 

May  24 

June  16 

June  17 

September  13 . . 
October  18 


Hydrographer. 


F.  R.  S.  Buttemer. 
O.  W.  Patterson... 

R.  S.  Ilawley 

do 

do 

C.H.Lee 

Lee  and  Uawley... 


Width. 
Feet. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Sq.fL 

Ft.  per  sec. 

Feet. 

325 

1,426 

1.79 

6.10 

332 

1,501 

2.40 

6.60 

344 

2,068 

3.79 

7.90 

344 

2,068 

3.66 

7.90 

344 

1,906 

3.28 

7.45 

30 

20 

.45^ 

3.30 

38 

36 

1.47 

3.68 

Dis- 
cliarge. 

SeC'fi. 
2,548 
3,817 
7,846 
7,574 
6,M9 
9.2 
53 
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Day. 

.«.. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

3.65 

3.65 

3.65 

3.65 

3.65 

3.65 

3.65 

3.65 

3.66 

3.65 

8.65 

3.65 

3.65 

3.7 

3.7 

3.7 

3.7 

3.7 

3.7 

3.75 

3.8 

3.75 

3.75 

3.75 

3.8 

3.8 

3.85 

4.0 

4.0 

4.05 

Dec. 

1 

5.7 

5.1 

5.0 

4.8 

4.8 

4.8 

4.75 

4.75 

4.75 

4.75 

4.S 

4.8 

4.8 

4.8 

4.8 

4.8 

4.8 

4.8 

4.8 

4.85 

5.0 

5.1 

5.15 

5.2 

5.1 

5.0 

4.85 

4.8 

4.8 

4.9 

4.9 

6.75 

8.1 

6.3 

6.0 

6.35 

6.1 

5.6 

5.5 

5.4 

5.4 

5.2 

5.1 

6.1 

6.0 

5.0 

4.9 

5.1 

6.1 

5.1 

5.85 

5.65 

5.4 

6.4 

5.4 

5.55 

5.8 

5.7 

5.8 



5.7 

6.85 

5.9 

5.9 

5.9 

5.9 

5.9 

5.9 

5.&5 

6.8 

6.85 

6.8 

6.95 

6.55 

6.1 

6.1 

7.3 

7.0 

9.3 

7.6 

6.85 

6.6 

6.5 

6.3 

6.1 

6.1 

6.2 

6.1 

6.46 

6.25 

6.1 

5.9 

6.05 

5.9 

6.9 

5.05 

6.3 

6.65 

6.6 

6.45 

6.5 

6.4 

6.05 

5.8 

5.75 

5.9 

5.95 

5.9 

5.95 

5.9 

5.9 

5.9 

5.95 

6.6 

7.1 

7.1 

7.2 

7.2 

7.a'i 

7.4 

7.7 

7.3 

6.7 

6.3 

6.36 

6.16 

6.16 

6.36 

6.5 

6.2 

6.1 

6.0 

6.0 

5.9 

6.1 

6.8 

7.7 

8.7 

8.25 

8.0 

8.0 

8.25 

7.9 

7.6 

7.8 

8.0 

7.85 

7.65 

7.35 

6.7 

6.85 

6.9 

7.0 

7.0 

6.9 

6.85 

6.75 

6.7 

6.85 

7.1 

7.6 

7.9 

8.0 

8.05 

8.0 

7.85 

7.85 

7.8 

7.6 

7.45 

7.3 

7.25 

7.35 

6.9 

6.25 

6.15 

0.15 

6.1 

6.05 

6.05 

6.20 

6.05 



6.05 

6.0 

6.8 

6.45 

5.5 

5.5 

5.35 

5.4 

5.15 

5.0 

4.85 

4.7 

4.55 

4.5 

4.75 

4.7 

3.65 

3.4 

3.3 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.4 

3.3 

3.3 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.3 

3.25 

3.4 

3.5 

3.7 

3.85 

3.8 

3.7 

3.6 

3.6 

3.6 

3.6 

3.5 

3.5 

3.5 

3.5 

3.6 

3.5 

3.6 

3.6 

3.5 

3.6 

3.65 

3.65 

3.7 

3.7 

3.7 

3.7 

3.7 

3.7 

3.7 

3.7 

3.65 

3.65 

3.65 

4.05 

2 

4.05 

3 

4.0 

4 

4.0 

5 

4.0 

6 

4.0 

7 

4.0 

8 : 

40 

9 

4.0 

10 

4.0 

11 

12 

13 

14 

15 

16 

17 

IS 

3.9 
3.9 
4.0 
3.96 
3.96 
3.96 
4.0 
4.0 

19         

4.0 

20 

4.05 

21 

4.16 

22     

4.1 

23 

4.06 

24 

4.05 

25       

4.05 

26 

4.0 

• 
27 

4.0 

28 

4.1 

29 

4.16 

3D 

4.15 

31 

4.2 
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Station  rating  table  for  Tuolumne  River  at  Lo/ffrangty  Cal.jfrom  January  1  to  Decemhfr  31, 

2905. 


age 
ight. 

Discharge. 

i     Oage 
height. 

'  Discharge. 

Gage 
height. 

Discharge. 

Oage 
height. 

Discharge. 

Wt. 

Second-feft. 

!     Feel. 

Second-feel. 

Feet. 

Second-feel. 

Feel. 

Secomd-feet. 

3.10 

1 

4..'iO 

j             340 

5.90 

2,200 

7.60 

6,700 

3.20 

5 

4.60 

410 

6,00 

2,400 

7.80 

7,360 

3.30 

10 

4.70 

1              490    ' 

6.10 

2,610 

8.00 

8,060 

3.40 

20 

4.80 

1              580 

6.20 

2,830 

8.20 

8.780 

3.60 

30 

4.90 

680 

6.30 

3,060 

8.40 

9.500 

3.60 

40 

5.00 

,              790 

6.40 

3,300 

8.60 

10,260 

3.70 

55 

i        .5. 10 

1             910 

6.50 

3.650    1 

8.80 

11,050 

3.80 

70 

5.20 

i^o.-io 

6.60 

3,800 

9.00 

11,850 

3.90 

90 

5.  .■« 

1,170 

6.70 

4,060 

9.20 

12,660 

4.00 

120 

5.40 

1          1,310 

6.80 

4,320    , 

9.40 

13,480 

4.10 

1.50 

5.50 

1,470 

6.90 

4«600 

9,60 

14,320 

4.20 

190 

5.60 

i          1,630 

7.00 

4,880 

9.80 

15,16^ 

4.30 

230 

5.70 

1          1,810 

7.20 

5,470 

10.00 

16,000 

4.40 

280 

5.80 

,          2,000 

7.40 

6,070    . 

' 

Estimated  monthly  discharge  of  Tuolumne  River  at  Lagrange,  Cdl.,fw  1905. 
[Drainage  area,  1,501  square  miles.] 


Month, 


January 

February . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November., 
December.. 


Discharge  in  second-feet. 

Maximum.'  Minimum.       Mean. 

i 


'    Total  in 
I  acre-feet. 


8,- 
13,  ( 

7,7 
11 


810 

535 

420 

74.5 

070 

1.871 

770 

2,606 

360 

2,866 

075 

3,2.58 

403 

427 

345 

103 

131 

«8 

80 

30 

13.5 

48 

190 

90 

745 
1,926 
3,487 
4,016 
5,927 
5,960 
1,344 
212 
78.1 
45.5 
62.2 
129 


45, 

107, 

214, 

239, 

364, 

355, 

82, 

13, 

4, 

2, 

3, 

7, 


Run-ofT. 


810 
000 
400  I 
000 
400  I 
200 
640  j 
040 
647 
798  ' 
701  , 
932 


The  year. 


13,070  , 


1,995  I     1,441,000  ! 


Second-feet 

per  square 

mile. 

0.496 
1.28 
2.  .12 
2.68 
3.95 
.1.98 
.805 
.141 
.062 
.030 
.041 
.086 

1.33 


Depth 
in  incbe». 


0..=i72 

2.6K 
2.9? 
4..V, 
4.44 

i.ai 

.a> 
.(&'< 

.0*6 
17.W 


a  The  minimum  of  8  feet  in  September  was  caused  by  closing  head-gate  of  Turlock  Canal  and  holdini; 
water  back  in  reservoir  until  dam  overflowed. 

Note.— The  above  discharge  includes  that  of  Turlock  and  Modesto  canals. 

K0DE8T0  OAHAL  AT  LAORAHOE,  OAL. 

The  Modesto  canal  is  the  property  of  the  Modesto  irrigation  district.  The  wnt^r  b 
diverted  from  the  right  side  of  the  Tuolumne  River  at  the  Lagrange  dam.  This  canal  «*> 
designed  to  carry  660  second-feet  and  to  irrigate  land  in  the  vicinity  of  Modesto,  Stanislaus 
County,  Cal.  The  principal  part  of  the  construction  work  was  done  on  this  canal  prior  lo 
1892,  but  on  account  of  litigation  the  canal  was  not  completed  until  April,  1903. 

On  April  26,  1903,  a  gage  rod  was  set  in  and  a  rating  made  of  Indian  Hill  fliinia,  near 
Lagrange,  Cal.  From  May  10  to  June  3  and  from  June  10  to  June  25,  inchiaive,  boirdf 
were  placed  in  the  flumes  to  back  the  water  up  and  keep  the  flumes  saturated.  During 
this  time  gage  heights  were  obtained  by  taking  the  depth  of  the  water  in  the  canal  beknr 
Indian  Hill  flume. 
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On  July  12,  1904,  the  station  was  moved  to  the  flume  near  the  intake.  Tliis  was  done 
90  tliat  more  gage  readings  and  explanations  of  their  fluctuations  could  be  obtained  by 
baring  J.  L.  Montgomery,  the  regulator  of  the  gates  at  the  intake,  act  as  gage  observer. 
This  flume  is  11.85  feet  in  width. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  100  and 
134  of  the  United  States  Geological  Survey. 

Disdiarge  meaaurements  of  Modesto  canal  at  Lagrange,  Cal.f  in  1905. 


I 
Date.                            Hydrogra 

pher. 

1 

1 

lodesto 

Mar. 

al.2 

1.2 

1.2 

1.2 

1.2 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 

.85 

.5 

.7 

.7 

.7 

.8 

.8 

60 

0 

0 

«2.0 

2.1 

2.5 

2.5 

2.8 

to 

0 

0 

0  1.5 

2.0 

Width. 

Feet. 
11.8  1 
11.8  1 
11.8  1 
12 

canal  ai 

Apr. 

Area  of 
section 

Mean          Gace          Dis- 
velocity.     height,  j  charge. 

1 

Apriie j  O.  W.  Peterson 

May24 ^  R.  S.  Hawley 

June  17 do 

July  21 do 

Sq.ft. 
4G 
37 
45 
35 

Lagrai 

May. 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.2 
3.2 
60 
0 
a  3. 15 
3.3 
3.35 
3.a5 
3.5 
3.5 
3.5 
3.5 

Ft.  per  sec}     I 

1            7.28  ' 

1            6.68  1 

7.18  1 

6.34  1 

1 

ige,  Oal.Jor  iS 

1 
'eet. 

3.40 

3.15 

3.85 

2.95 

8ec.-ft. 
291 
247 
323 
222 

Daily  gage  height,  in  feet,  of  k 

m. 

Day. 

Jan 

Feb. 

2.8 

June.      July.   '   Aug. 

Sept. 

1 

0.0 

2.6 
2.9 
3.1 
3.2 
3.3 
3.3 
3.3 
3.2 
3.2 
3.1 
3.2 
3.2 
3.2 
3.1 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

3.5 
3.5 
3.5 
3.5 
3.5 
3.5 

4.0    ,       1.7 
4.0    ;       1.8 
bQ          1.8 
«2.5           1.6 
3.5           1.65 
4.0    1       1.65 

1.0 

2 '. 

0  1     fto 

0    [    al.3 
0          2.0 
0    1      'lA 

.95 

3 

.95 

4 

.95 

5 

.95 

6 

0 
0 
0 

2.0 
1.96 
2.45 

.8 

7 

3.6          4.0           1.4 
3.6          4.0           1.55 
3.6          4.5           1.55 
3.6          4.5           1.4 
2.5           4..'*     !       1.5 

.85 

8 

.8 

9  .    .   .            .     . 

0           2.8 
0    j       3.0 
0           3.0 
0           3.1 
0           3.2 

.8 

10 

I] 

.8 
.4 

12 

13 

3.5 
2.75 

4.0 
4.0 

1.4 

1.4 
1.4 
1.3 
1.3 

14 

0 

0 

al.O 

3.3 
3.3 
3.3 

3.7           4.0 

15 

3.7 
3.7 
3.7 

— 
4.0 
4.0 

16 

17 

.0     ,       3.3 

4.0     '       1.3 

18 

.9 

.9 

.9 
1.05 
1.05 
1.05 
1.05 
1.06 
1.6 
2.0 
2.05 
2.05 
2.35. 
2.7 

3.3 

3.3 

3.0 

2.7 

3.3 

3.0 

2.75 

2.75 

fco 

0 
0 

3.75         4.0    1       1.3 

19 

3.75 
3.75 
3.8 

3.0 
3.0 
2.0 

1.25 

1.0 

1.1 

1.15 

1.15 

20 

21 

22 \ 

3.9    1      2.9 
3.9          2.5 
4.0    I      2.5 

23 

24 

25 

1.75  1      2.75         1.15 
l..yi  1      2.7    1       1.15 
4.0           2..Vi  1       1.1 

26    

27 

2S 

20.               

4.0 
4.0 
4.0 

2.4             .9 

2.55  '        .9 
2.1             .9 
2.1           1.0 

3) 

31 

1 

•  Water  turned  in. 
Non. — Canal  dry  September  12  to  December  31. 


b  Water  turned  out. 
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Station  rating  table  for  Modesto  canal  at  Lagrange,  Col.,  from  January  1  to  December  31, 1905. 


Discharge.  J 


hei^Qt. 

Discharge- 

Feet. 

Seamd-feei. 

3.20 

252 

3.40 

274 

3.60 

296 

3.80 

31ft 

4.00 

340 

4.20 

364 

4.40 

3SS 

Note.— The  above  table  is  based  on  discharge  measurements  made  during  1904-1905.  It  is  wdl  defined 
between  gage  heights  0.5  foot  and  4  feet.  Monthly  estimates  are  included  with  those  of  TuolumiM 
River,  p.  210. 

TUBLOGK  OAKAL  AT  LAO&AITOB,  OAL. 

The  Turlock  canal,  the  property  of  the  Turlock  irrigation  district ,  takes  water  from  the 
left  bank  of  the  Tuolumne  River  at  the  Lagrange  dam.  This  canal  was  designed  to  cany 
1,^00  second-feet  and  to  irrigate  a  large  area  of  fertile  land  in  the  vicinity  of  Turlock  and 
Oeres,  Stanislaus  County,  Cal. 

During  1898  water  was  first  turned  into  the  cAnal  in  small  quantities  and  used  for  pud- 
dling the  banks.  A  record  of  the  gage  height  has  been  kept  since  July,  1899.  Meter 
measurements  are  made  when  the  gaging  station  on  the  Tuolunme  River  at  Lagrange  is 
visited,  and  Morgan  flume,  or  flume  No.  2,  has  been  rated.     It  is  13.75  feet  in  width. 

In  the  spring  of  1905  a  station  was  established  in  flume  No.  1  and  used  for  some  time, 
but  it  did  not  give  satisfactory  results  during  htgli  stages  of  the  canal.  Oage  readings  were 
discontinued  on  this  flume  and  resumed  on  the  Morgan  flume.  The  record  since  May  22, 
1905,  is  on  the  Moi^n  flume.    The  observer  is  J.  J.  R.  Johnson,  the  canal  tender. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Nos.  81 ,  85, 
100,  and  134  of  the  United  States  Geological  Survey. 

Discharge  measurements  of  Turlock  canal  at  Lagrange,  Cat.,  in  1905. 


Date. 


Hydrographer. 


O.  W.  Peterson. 


Aprils. 

Aprils ' do 

Aprils ' do 

Aprils ' do 

May  24 1  R.  S.  Hawley. 

June  17 do 

July  21 ' do 


September  14..'  C.  H.  Lee 13.6  \ 

\ 


tVidth. 

Area  of 
section. 

Mean 
velocity. 

Gape 
beif^it. 

Dis- 
charge. 

Feet. 

Sq.ft^ 

Ft.  per  sec. 

Feet. 

Sec.-fl 

19.5 

24 

1.96 

1.22 

C 

19.5 

40 

3.20 

2.05 

12S 

19.5 

55 

3.82 

2.80 

210 

19.5 

81 

4.60 

4.15 

375 

13.8 

72 

7.13 

5.30 

5H 

13.8 

76 

7.58 

5.55 

576 

13.8 

66 

6.55 

4.65 

432 

13.6 

28 

3.07 

2.04 

» 

Note.— Measurements  on  April  8  were  made  on  little  flume  near  head  of  canal,  others  made  at  Mor- 
gan flume. 
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Day. 


Mar.    j   Apr. 


8 

1 

9 

10 

11 

12 

13 

14.     .                     

15 

16 • 

17  ...                   

1% 

1 

19 

20.                            

21 

1 

22 .* 

1.6 

23 

2.1 

24 

2.1 

25 

3.0 

36.                                     

3.1 

27 

4.1 

38 

4.1 

» : 

2.1  j 

»...             

4.1 

31 

4.0 

4.15 

4.1 

4.1 

4.15 

4.2 

0 

0 

3.2 

3.0 

1.5 

4.6 

4.7 

4.8 

5.5 

5.5 

6.5 

5.5 

5.5 

5.2 

5.2 

5.3 

5.2 

5.25 

5.25 

5.25 

5.2 

5.3 

5.4 

5.3 

5.3 


May. 

5.3 

5.3 

5.4 

5.2 

5.2 

6.2 

4.1 

4.6 

4.7 

4.7 

4.7 

4.7 

4.7 

4.75 

4.85 

4.9 

5.0 

6.0 

5.0 

0 

0 

5.3 

5.26 

5.25 

5.3 

5.4 

5,4 

5.4 

5.4 

5.4 

5.4 


June. 

5.4 

5.4 

5.4 

5.4 

5.4 

5.4 

5.4 

5.4 

5.4 

5.45 

5.4 

5.5 

5.5 

5.5 

5.5 

5.5 

6.5 

6.55 

5.5 

5.5 

6.5 

5.5 

5.5 

5.5 

5.55 

5.55 

5.55 

5.65 

5.6 

5.55 


July. 


5.55 

5.6 

5.6 

6.6 

5.6 

5.6 

6.6 

5.6 

5.6 

5.6 

6.6 

5.6 

5.6 

5.6 

3.6 

5.6 

5.2 

5.4 

6.0 

6.0 

4.8 

4.8 

4.2 

4.55 

4.55 

4.5 

4.25* 

4.0 

4.1 

3.6 

3.6 


Aug. 

3.1 

3.2 

3.15 

2.9 

2.95 

2.95 

2.65 

2.65 

2.65 

2.65 

2.65 

2.6 

2.7 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.0 

2.15 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

1.8 

1.8 

1.8 

2.0 


Sept. 

2.0 

2.0 

1.9 

1.9 

1.9 

1.8 

1.8 

1.65 

1.66 

1.66 

1.65 

1.65 

1.8 

2.5 

2.1 

2.1 

1.8 

1.8 

1.7 

1.75 

1.76 

1.76 

1.75 

1.75 

1.7f 

1.75 


NoTK.— Caoal  dry  January  1  to  March  21  and  September  26  to  December  31 . 
Stolon  raimg  taUefar  Turiock  canaf,  at  Lagrange y  Cal.,from  January  1  to  December  SI,  1905. 


Gft«o 
hei^t. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Feet. 

Feet. 

Second-feet. 

O.dO 

1 

1.60 

40 

40 

2 

1.60 

47 

60 

3 

1.70 

55 

60 

4 

1.80 

64 

70 

5 

1.90 

74 

80 

7 

2.00 

85 

90 

10 

2.10 

96 

1.00 

14 

2.20 

1Q7 

1.10 

18 

2.30 

118 

1.20 

23 

2.40 

130 

L30 

28 

260 

142 

L« 

34 

2.60 

154 

Gage 
height. 

Feet. 
2.70  I 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.60 
3.60 
3.70 
3.80 


NoTK.— The  above  table  is  based  on  discharge  measurements  made  during  1904-5.  It  is  well  defined 
between  gage  hel^te  2  feet  and  6.5  feet.  Monthly  estimates  are  included  with  those  of  Tuolumne 
Rtwr.  p.  210. 
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Discharge.  1 

(iage 
height. 

Discharge. 

Second-feet. 

Feet. 

Second-feet. 

166 

3.90 

324 

178 

4.00 

338 

190 

4.20 

366 

202    1 

4.40 

394 

215 

4.60 

422 

228  ; 

4.80 

450 

241    1 

5.00 

478 

264  ; 

5.20 

506 

268    , 

6.40 

635 

282    1 

5.60 

565 

296 

310    1 
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MI8CELLAITE0U8  MEA8UKE1CENT8  IH  TUOLTJlDfE  RDTEE  DBAIHAOB  BABIV. 

Clavey  River. — This  stream  is  tributary  to  Tuolumne  River  from  the  north  and  enters  it 
about  10  miles  above  the  mouth  of  the  North  Fork.  A  measurement  was  made  on  Sep- 
tember 15, 1905,  just  above  the  bridge  for  the  new  trail  from  Tuolumne  to  Lake  Eleanor, 
by  H.  A.  Campbell. 

Width,  10  feet;  area,  14.3  square  feet;  mean  velocity,  0.87  foot  per  second;  dischai^ge, 
12.5  second-feet. 

Cherry  River. — This  stream  is  tributary  to  the  Tuolumne  River  from  the  north  and  enters 
it  about  15  miles  below  Hetch  Hetchy  Valley.  A  measurement  was  made  one-third  of  a 
mile  above  the  mouth  of  Eleanor  Creek  on  September  16,  1905,  by  11.  A.  Campbell. 

Width,  2  feet;  area,  1.4  square  feet;  mean  velocity,  1.00  foot  per  second;  dischaiige,  1.4 
second-feet. 

Cherry  River  at  Cherry  Valley^  Col. — A  measurement  was  made  at  the  old  gaging  station 
in  the  lower  end  of  Cherry  Valley  on  main  trail  from  Tuolumne  to  Lake  Eleanor  on  Sep- 
tember 17,  1905,  by  H.  A.  Campbell. 

Width,  2.2  feet;  area,  1.6  square  feet;  mean  velocity,  0.58  foot  per  second;  discharge, 
0.92  second-foot. 

Eleanor  Creek. — A  measurement  was  made  on  September  18,  1905,  1  mile  below  outlet 
from  Lake  Eleanor  and  about  3  miles  above  its  junction  with  Cherry  Creek,  by  H.  A. 
Campbell. 

Width,  2.0  feet;  area,  0.50  square  foot;  mean  velocity,  0.60  foot  per  second;  dischar]^, 
0.30  second-foot. 

Tuolumne  River  at  Hetch  Hetchy,  Col. — A  measurement  was  made  on  September  18, 1905, 
at  the  head  of  Hetch  Hetchy  Valley,  one-half  mile  above  mouth  of  Rancheria  Creek,  by 
H.  A.  Campbell. 

Width,  14  feet;  area,  12  square  feet;  mean  velocity,  1.83  feet  per  second;  dischai^, 
22  second-feet. 

Rancheria  Creek. — This  stream  enters  Tuolumne  River  from  the  north  in  Hct<^h  Hetchy 
Valley.  A  measurement  was  made  on  September  19, 1905, 100  yards  alwve  trail  crossing, 
about  1 J  miles  above  its  junction  with  Tuolumne  River,  by  H.  A.  Campbell. 

Width,  4  feet:  area,  3.3  square  feet;  mean  velocity.  0.94  foot  per  second;  dischaiige, 
3.1  second-feet. 

TiltiU  Creek. — This  stream  enters  the  Tuolumne  River  from  the  north  in  Hetch  Hetchy 
Valley.  A  measurement  was  made  on  September  19,  1905,  at  lower  end  of  Tiltill  Valley 
about  2  miles  above  its  junction  with  Tuolumne  River,  by  H.  A.  Campbell. 

Width,  0.9  foot;  area,  0.18  square  foot;  mean  velocity,  0.67  foot  per  second;  dischaj^ge, 
0.12  se<"ond-foot. 

Fallft  Creek. — This  stream  enters  Tuolunme  River  from  the  north  in  Hetch  Hetchy  Val- 
ley. A  measurement  was  made  on  SeptcmbiT  19,  1905,  at  the  outlet  of  Lake  Vernon,  by 
H.  A.  Campbell. 

Width,  4.4  fe4»t;  area,  1.6  square  feet;  mean  vehx^ity,  0.75  foot  per  second;  dischai^,  1.2 
second-feet. 

Tuolumne  River  at  Hetch  Hetchy  Valley,  Cal.  —A  measurement  was  made  on  September 
21,  1905,  at  the  lower  end  of  Hetch  Hetchy  V^alK-^y  alx)ut  one-half  mile  below  trail  to  Lake 
Eleanor,  by  H.  A.  (^arnpljell. 

Width,  18.5  feet;  area,  13.5  square  feet;  mean  velocity,  1.78  feet  per  second;  discharge, 
24  second-feet. 

Middle  Fork  of  Tuolumne  River.- -A  measurement  was  made  on  this  stream  on  September 
21,  1905,  about  1(X)  yards  downstream  from  the  bridge  on  the  road  from  Sequoia  to  Hog 
Ranch  by  H.  A.  Campbell. 

Width,  2  feet;  area,  0.60  square  foot;  mean  velocity.  0.93  foot  per  second;  discharge, 
0.56  second-foot. 
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5<nfM  Fork  cfTtuHumnt  River. — ^A  measurement  was  made  on  this  stream  on  Septen.ber 
22. 1905,  about  75  yards  upstream  from  the  bridge  on  the  Big  Oak  Flat  and  Yosemite  Toll 
Road,  near  Harden  ranch,  by  H.  A.  CampbeU. 

Width,  11^  feet;  area,  10.6  square  feet;  mean  velocity,  0.42  foot  per  second;  discharge* 
4.5  aecond-feet. 

Mining  ditch  near  Lagrange^  Cal. — ^This  ditch  diverts  water  from  the  Tuolumne  River  sev- 
eral miles  above  the  town  of  Lagrange,  Cal.  A  measurement  was  made  April  6  at  a  point 
OD  the  hill  above  the  Lagrange  dam. 

Width,  6  feet;  area,  4.3  square  feet;  mean  velocity,  1.58  feet  per  second;  dischai^,  6.8 
second-feet. 

STANISLAUS  RTV^ER  DRAINAGE  BASIN. 

DESORIFTIOK  OF  BASIN. 

Stanislaus  River  drains  a  portion  of  the  western  slope  of  the  Sierra  Nevada  and  heads 
well  back  on  the  crest,  at  elevations  of  from  10,000  to  12,000  feet.  It  drains  the  country 
between  the  basins  of  the  Mokelumno  River  on  the  north  and  the  Tuolumne  River  on  the 
south,  and  flows  in  a  general  southwesterly  direction,  entering  the  San  Joaquin  River  23 
miles  above  Stockton.  It  has  numerous  tributaries  in  the  upper  reaches  of  the  basin,  which 
bsve  their  source  in  numerous  small  glacial  lakes.  The  topography  is  rough  and  broken 
with  high  mountain  peaks.  The  formation  is  of  granite,  which  is  bare  and  destitute  of  tim- 
ber growth  above  an  elevation  of  8,000  feet,  except  where  small  glacial  lakes  and  moraines 
occur.  In  the  middle  reaches  of  the  basin  there  is  good  soil  covering  and  a  heavy  growth  of 
timber.  In  this  basin  is  situated  the  Calaveras  grove  of  big  trees  (Sequoia  gigantea),  for 
which  the  Sierra  Nevada  are  famous.  This  is  the  most  northerly  grove  of  these  trees, 
groves  of  which  extend  as  far  south  as  the  Kern  River  basin.  The  mean  annual  rainfall  for 
the  basin  is  about  50  inches.  The  precipitation  falls  chiefly  in  the  form  of  snow  on  the 
higher  elevations,  remaining  well  into  the  summer  months.  Mining  operations  have  been 
carried  on  extensively  in  this  basin,  and  many  canals  have  Yn^en  taken  out  of  the  river,  all  of 
which  discbaiige  their  water  into  the  river  again.  The  canal  of  the  Stanislaus  Water  C<)m- 
pany  diverts  water  3  miles  above  Knights  Ferry,  which  is  used  to  irrigate  land  between 
Knights  Ferry  and  Stockton.  A  gaging  station  is  maintained  on  this  canal  to  determine 
its  discharge. 

8TAVI8LAU8  RIVER  AT  KinOHTS  FERRY,  OAL. 

A  station  was  first  established  on  this  river  on  May  3,  1895,  at  tfi"  railroad  bridge  one- 
half  mile  north  of  the  town  of  Oakdale.  On  July  30,  1898,  a  cablt*  was  placed  1,000  feet 
bek)w  the  railroad  bridge.     This  station  was  used  until  February  16,  1901. 

The  station  at  Knights  Ferry  was  established  May  19,  1903,  by  W.  II.  Stearns.  It  is 
located  200  feet  from  the  post-office  at  Knights  Ferry. 

There  is  an  island  800  feet  above  the  gaging  station,  and  a  dam  on  each  channel  at  the 
bead  of  the  island.  The  Stanislaus  Milling  and  Power  (Company's  power  house  is  on  the 
right  bank  of  the  river  below  one  of  these  dams  and  alx)ut  1,(XX)  feet  al>ove  the  gaging  sta- 
tion. The  channel  is  straight  for  500  feet  above  and  brlow  the  cable.  At  ordinary-  and 
higb  stages  the  stream  has  a  fall  of  0.47  foot  in  the  500  feet  above  the  cable  and  of  0.G8  foot 
in  the  500  feet  below.  Both  banks  are  composed  of  cemented  gravel  and  are  high.  The 
I'fl  bank  is  not  subject  to  overflow.  In  extreme  floods  the  riglit  bank  has  Wen  known  to 
be  overflowed,  flooding  the  yards  and  housivs  next  to  the  river.  The  bed  is  of  gravel  and  is 
subject  to  some  change  from  the  addition  of  material  which  is  washed  down  from  the  island 
above. 

Dischai^ge  measurements  at  high  and  medium  stages  are  made  from  a  car  suspended  from 
»  cable.     Low-water  measurements  are  made  by  wading  300  feet  above  the  cable.     The 
initial  point  for  soundings  is  the  eyebolt  to  which  the  cable  is  fastened  on  the  ri^ht  bank. 
IRB  177—06 15 
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Ordinary  and  low-water  stages  were  read  on  an  iron  pipe  driven  into  the  bed  of  ihe  I 
stream.  IJor  high  stages  the  gage  was  a  plank  nailed  to  a  post  on  the  right  bank  of  tbf  1 
river.  A  new  gage  rod  has  been  placcnl  near  the  cable  on  the  right  bank  and  gage  reading 
are  now  made  on  this  rod.  It  consists  of  an  inclined  rod  fastened  securely  to  posts  set  in  the 
ground.  This  portion  of  the  rod  is  used  for  the  lower  stages.  For  hiffh  water  there  is  a 
vertical  section  similar  to  the  above  at  the  north  cable  support.  During  1905  the  gage  was 
read  once  each  day  by  E.  J.  Coop.  Bench  marks  were  established  as  follows:  (1)  A  spike  in 
a  locust  tree  50  feet  northeast  of  right  cable  support:  elevation,  19.20  feet.  (2)  A  rock 
under  the  spike  at  the  foot  of  the  aliove  locust  tree:  elevation,  18.74  feet.  Elevations  refer 
to  the  datum  of  the  new  gage. 

Information  in  regard  to  this  station  is  contained  in  Water-Supply  Papers  Xos.  81, 100, 
and  l.'M  of  the  Ignited  States  GeologicAl  Survey. 

Discharge  measurementti  of  Stanidaua  River  at  Knights  Ferry,  Cal.,  in  1905. 


Date. 


llydrographer. 


March  14 

April  6 

April  16 

May23 

July  20 

September  12. . 
September  22. . 
September  29. . 

October  6 

October  13 

October  16 

December  21... 


F.  R.  S.  Buttemer. 

O.  W.  Peterson 

R.  S.  Hawley 

....do 

....do 

I-.ee  and  Keeler 

R.  W.  Keeler 

....do 

....do 

....do 

\jQe  and  Hawley 

R.  W.  Keeler 


Width. 

.\rea  of 
section. 

Mean 
velocity. 

Ga«e 
height. 

Di5- 

charp-. 

Feet. 

Sq.ft. 

Ft.  per  sec. 

Feet. 

Sec-it. 

197  . 

751 

3.36  ' 

9.15 

2,52 

198  , 

769 

3.49 

9.25 

2,687 

194  ! 

771 

3.27 

9.30 

2..^I>» 

217 

944 

4.30 

10.05 

4,062 

148 

363 

1.17 

7.00 

425 

40 

51 

n.68 

6.19  ' 

« 

40 

49 

1.57 

6.11 

77 

40 

49 

1.63 

6.17 

» 

40 

49 

1.09  ' 

6.14 

*3 

40 

48 

1.77, 

6.19 

S5 

40  i 

47 

1.85 

6.21  , 

>7 

120  ! 

268 

.53  . 

6.41 

142 
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DaUy  gage  height ,  in  feet,  ofStanidaus  River  at  Knights  Ferry,  Cal.yfor  1905. 


Dav. 


Jan. 


Feb.     Mar.     Apr.     May.  |  June,  t  July.  I  Aug.     Sept.     Oct.  i  Nov.     Dec. 


1 

7. 4 

7.75 
10.15 

8.4 

cs.a5 

8.85 

8.4-> 

K\ 

7.85 

7.8 

7.7 

7.65 

7.6 

7.45 

7.4 

7.4 

7.4 

7.7 

7.8 

7.8 

8.6 

8.45 

8.2 

8.1 

8.1 

8.15 

8.3 

8.3 

8.25 

8.25 
8.4 
8.45 
8.55 
8.5 
8.5 
8.5 
8.45 
8.4 
8.4 
8.45 
8.4 
9.1 
9.0 
8.55 
9.1 
10.35 
9.6 
11.5 
10.0 
9.35 
9.25 
8.85 
8.8 
8.85 
8.9 
9.2 
8.75 
8.95 
8.75 
8.65 

8.55 
8.7 
8.85 
8.95 
9.1 
9.25 
9.4 
9.4 
9.4 
9.45 
9.15 
8.95 
8.9 
8.95 
9.1 
9.2.5 
9.a5 
9.2 
9.25 
8.9 
8.8 
8.75 
8.9 
9.05 
9.45 
9.65 
10.0 
10.1 
10.35 
10.45 

9.8 

9.5 

9.35  1 

9.1 

9.0 

8.8.5 

9.4 

9.35 

9.1 

8.95 

8.8    i 

•  8. 75 
8.75 
9.05 
9.5    1 

10. 15 

11.2 

10.55  j 

10.4  ' 
10.25 
10.35  1 

10.05  ' 
9.9 
9.85  1 
9.95 

10.0 
9.55  j 
9.2 
9.1 
9.3 
9.3.5 

9.45 

9.35 

9.25 

9.0 

8.8 

8.85 

9.2 

9.2 

9.1 

9.15 

9.4 

9.65 

9.65 

9.5 

9.3 

9.4 

9.25 

9.2 

9.05 

8.95 

8.95 

8.9 

8.7 

8.4,5 

8.2 

8.25 

8.1 

8.0 

8.0 

8.0 

7.95 
7.8 
7. 7 
7.65 
7.6 
7.45 
7.45 
7.45 
7.45 
7.4 
7.3 
7.3 
7.2 
7.1 
7.0 
*6.9 
6.85 
6.85 
6.75 
6.85 
6.75 
6.7 
6.75 
6.85 
6.75 
6.7 
6.65 
6.55 
6.55 
6.5 
6.45 

6.4    ' 

6.4 

6.4 

6.4 

6.35 

6.3 

6.3 

6.25 

6.25 

6.25 

6.25  ! 

6.25 

6.2    j 

6.2    , 

6.25 

6.2 

6.2    1 

6.2 

6.2 

6.25 

6.25 

6.25  1 

6.25  , 

6.2.5  1 

6.25  1 

6.25 

6.25  1 

6.2.5  1 

6.15 

6.25 

6.2     1 

6.15 

6.15 

6.15 

6.15 

5. 7 

5.7 

6.2 

6.2 

6.15 

6.1 

6.1 

6.15 

6.15 

6.15 

6.2 

6.2 

6.2 

6.2 

6.2 

6.15 

6.15 

6.1 

6.15 

6.15 

6.15 

6.15 

6.15 

6.15 

6.15 

6.15 

6.15 

6.1 

6.1 

6.15 

6.15 

6.15 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.15 

6.2 

6.15 

6.15 

6.15 

6.15 

6.15 

6.15 

6.15 

6.15 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.15 

6.2 

6.2 

6.2 

6.2    1 

6.2 

6.2 

6.2 

6.2 

6.2 

6.2 

6.25 

6.3 

6.3 

6.25 

6.2 

6.2 

6.3 

6.3 

6.4 

6.5 

6.45 

7.3 

6.3 

.J 

7  25 

6  25 

4 

7. 15 

7  1 

6.3 
6.3 

6 

7.ft-» 

7.0 

6.3 
6.3 

> 

'     7  0 

6  3 

y 

7. 15 

6.3 

Ill 

11 

7.2 

6.3 
6  3 

7.05 

6.3 

u 

14 

15 

7.0 

7.0 

7  1 

6.3 
6.3 
6  3 

Iri 

17 

7.4 

'     7. 3 

6.3 
6.25 

IH 

19 

7.25' 

6.25 
6.3 

Jl 

21 

7.3 

6.4 
6.4 

22 

6.3 

2:^ 

21 

7. 7 

7. 65 

6.25 
6.2 

:ji 

7..x'» 

6.2 

jti 

'>7 

^-^    1 

.    .      7.35  1 

6.25 
6.3 

2^ 

'*» 

:9t 

31 

7.3 

7.25 

7.05 

6.75 

6.3 
6.4 

6.45 
6.4 

Station  rating  table  for  Stanidaus  River  at  Knights  Ferry,  C ah,  from  January  1,  1904,  to 

December  31,  1905. 


iSage 
heiight. 

Discharge. 

Gaee 
height. 

Discharge. 

Gaee 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Tret. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

6.00 

60 

7.30 

630 

8.60 

1,840 

9.90 

3,550 

6.10 

70 

7.40 

1             710 

8.70 

1,960    j 

10.00 

3,700 

6.20 

80 

7.50 

1             800 

8.80 

2,080 

10.20 

,          4,040 

!         6.30 

95 

7.60 

890 

8.90 

2,200 

10.40 

1          4,400 

6.40 

1-25 

7.70 

'             980 

9.00 

2,320 

10.60 

t         4,800 

6.  .50 

160 

7.80 

1,070 

9.10 

2,440 

10.80 

i         5,230 

6.60 

200 

7.90 

j           1,160 

9.20 

2.560 

11.00 

5,730 

6.70 

1             245 

8.00 

1,250 

9.30 

2.680    ' 

11.20 

6,330    ; 

6.80 

j              295 

8.10 

1,340     , 

9.40 

2,800 

11.40 

1          6,990 

6.90 

1             350 

8.20 

1           1,440 

9.  .50 

2,9.50 

11.60 

7,700 

7.00 

410 

8.30 

1,540 

9.60 

3,100 

7.10 

480 

8.40 

,           1,640 

9.  70 

3,250 

1 

7.30 

1 

1             550 

8.50 

1,740 

1 

9.80 

3,400 
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EstimtUed  monthly  discharge  ofStanidaus  River  at  Knights  Ferry,  Col.,  for  1905. 
[Drainage  area,  935  square  miles.] 


Month. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

NovemlKT. 
December . . 


The  year. 


Discharge  in  secon 

d-feet. 
Mean. 

642 

1 

1 

Total  in    ] 
acre-feet. 

^         1 
39,480  1 

Run-off. 

Maximum,  i  Minimum. 

Sccoad-fe*'t     D^ah 

1,015  '               294 

0.687        o.;aj 

4,002 

731 

1,326 

73,640 

1.42             Hb 

7,394 

1,533 

2,395 

147,300  ' 

2.56              2.95 

4,625 

1,905 

2,774 

165,100 

•    2.97    1         3.31 

6,445  !           2,124 

3,247 

99,650 

3.47             i« 

3,296  1           1,351 

2,392 

142,300  , 

2.56    '         2* 

1,309  ;               225 

613 

37,690 

.656  '           .T:t6 

211  ;                97. 

150 

9,223  ' 

.160;            .15^ 

137                   90 

103 

6,129; 

.110                LS 

138  '                 85 

97 

5,964 

.104'           .13D 

189  '                 77 

91 

5,415  ' 

.097              .!« 

185                   96 

131 

8,055 

.140.          IM 

7,394 

77 

1.163 

739.900 

1 

1.24     '        1S.29 

Note.  The  discharge  of  Stanislaus  Water  Company's  ditch  and  Schell  ditch  is  included  above. 
Mean  daily  flow  of  Schell  ditch  is  estimated  at  7  second-feet. 

STANISLAUS  WATER  COMPAlTrS  DITOH  AT  KKI6ET8  FE&SY,  CAI. 

This  station  was  established  June  11,  1904,  by  S.  G.  Bennett.  The  station  Is  located 
below  the  point  where  Schell  ditch  diverts  its  water,  about  1  mile  below  the  Stanlslaa< 
Milling  and  Power  Company's  power  house  and  200  feet  below  the  place  where  it  pa**es 
under  Schell  ditch  flume.  The  water  diverted  by  this  ditch  is  used  for  irrigation  in  the 
vicinity  of  Oakdale,  Cal. 

A  meter  measurement  on  Schell  ditch  200  feet  below  its  intake  gave  a  discharge  of  about 
7  second-feet,  which  is  said  to  be  its  usual  constant  flow.  In  computing  the  estimate 
monthly  discharge  of  Stanislaus  River  a  mean  daily  discharge  of  7  second-feet  has  beeo 
used  as  the  capacity  of  Schell  ditch. 

The  gage  is  fastened  to  the  upstream  side  of  a  small  bridge.  Ehiring  1905  the  gage  was 
read  onc4?  each  day  by  E.  J.  Coop. 

A  description  of  this  station,  with  gage  height  and  discharge  data,  is  contained  in  Water- 
Supply  Paper  No.  134,  United  States  Geological  Survey. 
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LHseiKarge  m^asurtmeiUs  ofStanidaus  Water  Company* s  ditch  at  Knights  Ferry,  Cal.,  in  1905. 


I>at4«. 


Hydrographer. 


Mmrcli  14 

May  2a. 

Jiia-e  IC. 

July  20 

Septemb«»r  12.. 
S^-pt^mlier  12.. 
S^pterolier  12 . . 
September  12  . . 
oetoboi-  17 I   R.S.Hawley. 


F.  R.  S.  Buttemer. 

R.  S.  Hawley 

do 

do 

C.  H.  L«» 

do 

do 

do 


I 


I  Width. 

I  Feet. 

I  13.2 

,  8.7 

I  8.5 

I    * 

11 

8.7 

I        9.4 

J        9.4 

;        7.5 


Area  of 
section. 


Sq.ft. 

22 

27 

24 

21 
6.1 
5.5 

13.1 

12.6 
2.1 


Mean 
velocity. 

.1 

Ti.  per  sec. 

I  2.14 

I  4.24 

I  4.00 

3.67 

.85 

1.58 

2.52 

2.38 

.38 


Gage 
hei^t. 


Feet. 
2.58 
3.65 
3.45 
3.00 
1.12 
1.50 
2.18 
2.08 
.80 


Dis- 
cbarge. 

Sec.-ft. 
47 
114 
96 
77 
5.2 
8.7 
33 
30 
.8 


I 


DorHy  gage  height,  infeei,ofStanidau8  Water  Company's  canal  at  Knights  Ferry,  Cat., 

for  1905. 


r>ay. 

•Jan. 

2.6 
2.4 

2.5    1 

Feb. 

I 
1 

2.3  1 

2.4  1 

2.05  , 

Mar. 

2.3 
2.6 
.0 

Apr. 

May. 

June. 

3.7 
3.6 
3.6 

July. 

Aug. 

3.1 
3.0 
3.05 

Sept. 

1.95 
2.0 
2.1 

Oct. 

Nov. 

Dec. 

1             .  . 

3.55  i 

3.7 

3.5 

3.7    i 

3.6 

3.5 

3.4 

3.45 

3.35 

2.8 
2.65 
2.4 

0.0 
1.5 
1.8 

2.1 

.> 

2.15 

3 

2.2 

4.. 

2.5    ' 

1.9    ! 

.0 

3.65  1 

3.5 

.3.7 

3.45 

3.05 

2.05 

2.3 

1.5 

1.95 

.S 

2.5 

.0    , 

.0 

3..'i5 

3.  .55 

3.6 

3.35 

3.1 

3.45 

2.2 

1.5 

2.2 

6 

2.3 

2.1     1 

2.3 

3.6.5 

3.6 

3.6 

.3.4 

3.1 

3.3 

2.1 

1.2 

2.1 

7 

2.5 

.0 

2.5 

3.7 

3.5 

2.  .5.5 

3.3 

3.1 

2.0 

2.15 

.0 

2.0 

ft 

2.5 

.0 

2.25 

3.a5 

3.3 

3.45 

.    3.4 

3.05 

2.0 

2.2 

.0 

2.05 

9 

2.45 

.0 

2.55 

3.6 

3.2 

3.6 

3.4 

3.0 

2.1 

2.05 

.0 

2.1 

in 

.  2. 45 

.0 
.0 
1.45 
.0 

2.5 
3.4 
3.0 
2.6 

3.6 
.3.5.5 
3.6 
3.5 

3.3 
3.4 
3.45 
3.4 

3.7 
3.a5 
3.65 
3.6 

.3.45 
3.3 
3.3 
3.3 

2.95 
2.95 
2.95 
3.1 

2.2 
2..5 
2.0 
2.1 

1.70 
1.75 
1.85 
1.4 

.0 
.0 
.0 
.0 

2.1 

11                 

2.2.> 
2.45 
2.05 

1.8 

12             

1.95 

13 

2.0 

14 

2.0 

1.8 

2.45 

3.65 

3.45 

3.6 

3.25 

2.8 

•l.6 

1.2 

.0 

1.85 

15                   

2.2 
2.15 

1.7 
1.9 

2.45 
2.6 

3.65 
3.7 

3.7 
3.7 

3.5 
3.5 

3.15 
3.35 

2.85 
2.9 

1.6 
1.5 

1.0 
1.4 

.0 
.0 

i.a5 

16 

1.8 

17 

2.35 

2.3 

2.6 

3.65 

3.55 

3.5 

3.1 

2.7 

1.4 

1.3 

.0 

2.2 

m      

2.1 
2.1 

2.2 
2.4 

2.5 
2.45 

3.55 
3.6 

3.6 
3.7 

3.5 
3.5 

3.1 
3.0 

2.5 
2.45 

1.4 
1.1 

1.2 
1.3 

.0 
.0 

2.1 

19 

1.95 

30                 

2.3 
2.05 
2.2 
2.1 

2.0 
2.4 
2.3 
2.0 

2.8 
2.6 

2.8 
2.9 

3.55 
3.6 
3.6 

3.5 

3.65 
3.7 
3.65 
3.65 

^45 
3.  .55 
3.45 
3.45 

3.2 
3.1 
3.0 
3.0 

2.3 
2.3 
2.05 
2.1 

1.35 
1.5 
1.6 
1.3 

1.4 
1.5 
1.5.5 
1.8 

.0 
.0 
.0 
.0 

2.0 

21              

2.0 

22              

2.05 

'.r? 

1.95 

24 

2.1 

2.0 

3.0 

3.6 

3.6 

3.45 

.0 

2.0 

1.7 

1.4 

.0 

1.25 

25 

2.15 

2.0 

3.15 

3.&5 

3.6.5 

3.4 

2.95 

2.05 

1.5 

1.2 

.0 

1.4 

1^              

2.1 
2.2 
2.2 
2.3 

.0 
2.25 
2.35 

3.2 
3.3 
3.35 
3.4 

3.7 
3.7 
3.7 
3.7 

3.a5 
3.6 
3.6 
3.6 

3.35 
3.35 
3.35 
3.4 

3.0 
3.1 
3.0 
2.95 

1.9 
1.85 
1.7 
2.15 

1.65 
1.65 
1.7 
2.2 

1.3 
1.6 
1.5 
1.45 

.0 
1.7 
1.95 
2.0 

.9 

27            

2.2 

2S                    

2.3 

29 

1    2.2 

TO 

'     1.65 
1.8 

3.6 
3.65 

1    3.7 
1 

3.6 
3.6.5 

3.45 

3.1 
3.ft5 

1     '-' 
1.5 

2.25 

1.45 
1.4 

1.95 

2.3 

31 

2.2 

Digitized  byVjOOQlC 


222 


STREAM    MEASUREMENTS   IN    1905,  PART    Xin. 


Station  rating  table  for  Stanislaus  Water  Oompany^s  ditch  luar  Knights  Ftrry,  Cal.,  frmn 
January  1  to  December  31,  1905. 


Gace 
height. 

'  Discharge.  1 

Gage 
height. 

Discharge. 

(Jage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet.^ 

Feet. 

Second-feet. 

Feet. 

Second-feeL 

1.00 

1             2.5    1 

1.70 

" 

2.40 

40 

.3.10 

79 

1.10 

j             3.5 

1.80 

2.50 

45 

3.20 

85 

1.20 

5        ' 

1.90 

20 

2.60 

50 

1        3.30 

91 

1.30 

6.5    ' 

2.00 

24    ' 

2.70 

55 

1        3.40 

'               97 

1.40 

!             8        1 

2.10 

28    l| 

2.80 

61 

3.50 

104 

1.50 

10        1 

2.20 

32    !| 

2.90 

67 

1        3.60 

111 

1.60 

'           12 

2.30 

36    || 

3.00 

73 

1        3.70 

118 

Note.— The  above  table  is  based  on  9  discharge  measurements  made  during  1905.  It  is  welldcfiiwd 
between  gage  heights  1  foot  and  3.7  leet.  Monthly  estimates  are  included  with  those  of  Stanislaus  Rivw, 
page—. 

nSOELLAKEOTTS  MEASXrEEMENTB  IN  STAITISLATTS  RIVER  DRADTAGB  BASIM. 

Stanislaus  River  ai  Parrotts  Ferry,  Cal. — A  nieasurehieDt  was  made  on  this  stream  fr\-m 
the  downstream  side  of  the  wagon  bridge  at  Parrotts  Ferry  on  September  12,  1905,  by 
H.  A.  Campbell. 

Width,  35  feet;  area,  138  square  feet;  mean  velocity,  0.66  foot  per  second;  discharge, 
91  second-feet. 

South  Forlc  of  Stanislaus. — A  measurement  was  made  on  this  stream  on  September  25. 
1905,  at  trail  crossing  to  Yancey's  ranch  about  14  miles  above  its  junction  with  the  main 
river  and  al)out  3  miles  north  of  Confidenc-e,  Cal.     Measurement  made  by  11.  A.  Campbell 

Width,  5  feet ;  area,  2.4  square  feet ;  mean  velocity,  0.40  foot  per  second :  dischai^,  0.9H 
second-feet. 

Middle  Fork  of  Stanislaus. — A  measurement  was  made  on  this  stream  on  September  26, 
1905,  at  the  bridge  on  the  trail  to  McC^rmicks,  about  5  miles  above  iti?  junction  with  the 
main  river.     Measurement  made  by  H.  A.  Campbell. 

Width,  21  feet;  area,^50  square  feet;  mean  velocity,  0.24  foot  per  second:  discharge,  84 
second-feet. 

Orisuxdd  Creek. — This  stream  enters  Stani-slaus  River  about  2  miles  above  the  mouth  of 
the  Middle  Fork.  A  measurement  was  made  on  September  26, 1905,  at  trail  crossing,  about 
5  miles  above  the  mouth,  by  H.  A.  Campbell. 

Width,  6  feet ;  area,  5.4  square  feet ;  mean  velocity,  0.37  foot ;  discharge,  2.0  second-feet. 

Beaver  Creek. — Tliis  stream  enters  Stanislaus  River  from  the  east  about  5  miles  above 
the  mouth  of  the  Middle  Fork.  A  measurement  was  made  on  September  26,  1905,  at  the 
trail  crossing  to  the  Calaveras  big  trees  and  about  5  mile-s  above  itj?  junction  with  North 
Fork  of  Stanislaus  River.     Measurement  made  by  H.  A.  Campbell. 

Width,  2.5  feet :  area,  2.8  square  feet ;  mean  velocity,  1.64  feet  per  second;  disciiai^,  4.0 
second-feet. 

North  Fork  of  Stanislaus  Rit'er  at  Squaw  Hollow,  Cal. — A  measurement  was  made  about 
75  yards  upstream  from  trail  bridge  at  Squaw  Hollow  on  September  27,  1905,  by  H.  A 
Campbell. 

Width,  29  feet;  area,  48  s(juare  fwt:  mean  velocity,  !.()()  feet  per  second;  dischaii^,  77 
second-feet. 
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MOKKLrMNB  RIVER  DRAINAGE  BASIN. 
DESORIPTXOH  OF  BASIN. 

^fokdumne  River  drains  an  area  of  657  square  miles  of  the  western  slope  of  the  Sierra 
Nevada.  It  has  numerous  tributaries,  the  North,  South,  and  Middle  forks  being  the 
most  important.  This  stream  heads  well  back  in  the  main  crest  of  the  Sierra  Nevada  at 
an  elevation  of  8,000  feet. 

The  formation  is  of  granite  with  good  soil  covering  and  heavy  timber  growth  on  the 
middle  and  higher  elevations.  On  the  lower  elevations  the  slopes  are  less  rugged  and  the 
soil  covering  is  of  brush  and  scattering  oak  timber  with  large  areas  of  cultivated  land  and 
pasture.  There  are  numerous  small  glacial  lakes  and  moraines  in  the  upper  reaches  of  this 
liasin.  The  precipitation  varies"  from  25  inches  on  the  lower  to  50  inches  on  the  higher 
eWvations,  where  it  falls  in  the  form  of  snow,  which  melts  in  the  early  spring.  The  greatest 
discharge  usually  occurs  in  April,  May,  and  June.  There  is  some  artificial  storage  in  this 
h&fdn,  but  not  enough  to  have  much  effect  on  the  discharge. 

Several  diversions  are  made  for  mining  and  power  purposes  within  the  drainage  basin, 
and  this  water  is  returned  to  the  river  above  the  gaging  station,  which  is  located  at  Clement, 
a  few  miles  above  Lodi,  Cal. 

MOKSLITKNS  RIVEB  KEAR  CLEMEKT8,  OAL. 

This  station  was  established  October  28,  1904,  by  O.  W.  Peterson.  It  is  located  at  the 
highway  bridge,  1  mile  north  of  Clements. 

The  channel  is  straight  for  150  feet  above  and  500  feet  below  the  gaging  station.  The 
right  bank  is  high  and  not  subject  to  overflow.  The  left  bank  is  subject  to  overflow  when 
the  gage  rc^ads  above  15  feet.  The  bed  of  the  stream  is  composed  of  gravel  and  is  subject 
to  .slight  changes. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  bridge.  The  initial 
point  is  on  the  end  of  the  bridge  near  the  right  bank. 

The  gage  is  in  two  sections.  The  low-water,  section  is  an  inclined  rod  nailed  to  posts 
driven  in  the  ground,  and  the  high-water  section  is  a  vertical  rod  nailed  to  a  piie  and  near 
the  inclined  rod.  Both  are  on  the  right  bank.  During  1905  the  gage  was  read  by  Allen 
Gaskill.  The  bench  mark  is  the  head  of  a  bolt  driven  in  a  pile,  to  which  the  upper  section 
of  the  gage  is  fastened;  elevation,  9.60  feet  above  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  height  and  discharge  data,  is  contained  in  Water- 
iSupply  Paper  No.  134,  United  States  Geological  Survey. 

Discharge  measurements  of  MoJcdumne  River  near  Clements ^  Cal.,  in  1905. 

T\-*«  TT«-ri..rv«^o«>,«r  wj/i#»,  I  Area  of  I     Mean  Gage  Dls- 

^^^^-  I  Hydrographer.  Width.   ^^j^„    |  ^.^i^^y    |   ^eigl^t.      charge. 


j                                                                   '  Feet.   '  Sq.ft.    IFt.persec.      Feet.        Sec. -ft. 

Jajiaar>'23. F.  R.  S.  Buttcmcr j  132  I  293  2.69            5.15  788 

January24. ' do I  128!  258  1  2.40           4.85  620 

Janiiary24 do 128,  250  |  2.38            4.79  596 

JanuarySO. ' do 121  191,  2.01            4.28  1  384 

FebruaryO I do '  126,  259  '  2.39            4.87  620 

February  15....' do I  122  193  |  2.27            4.31  '  438 

February  20.. .. ' do 210.  562,  2.54  1         6.14  1,425 

MaylS W.B.Clapp '  248'  1,238,  3.06  1         9.00  3,788 

June29 1  O.  W.  Peterson 130  237  1  2.36  1         4.W  559 

3uly28 Peterson  and  Lee '  60  '  80  1.56  ,         3.14  125 

SfptemberS...    C.H.Lee '  58  79'  1.27            3.13  100 

November  29.. do I  55  '  66  .86  !         2.90  57 

I  I'll 
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STREAM   MEASUREMENTS   IN    1905,   PART    XIII. 


Daily  gage  height ^  in  feet y  of  Mokdumne  Rir>er  near  OlemenlSj  Cat.  ^  for  t^05. 


Day 

1  Jan. 

Feb. 

Mar. 

Apr. 

May. 

.Iiine. 

July. 

Au. 

Sept. 

0...I 

Nov. 

D«. 

1 

5.0 

4.8.5 
7.  .5.5 
5.8 

,5.4 
5. 45 
.5.5 

6.05 
6.2 
6.3 

7.5 
7.0 
6.9 

7.a5 
7.45 
7. 15 

3.2 
3.3 
3.3 

3.3 

3.3 
3.25 

3.4 
3.25 
3.3 

3.2!) 
3.2 
3.25 

3-5 

2 

t    4.5.5  , 

11 

3 

'    4.5    1 

11 

4 

1    4.4 

.5..^5 

.5.&5 

6.45 

6.ft5 

6.9 

4.0 

3.3 

3.3 

3.25 

3.1 

10 

5 

1    4.15 

6.5.5 

.5.6 

6.7 

6.5 

6.6 

3.8.5 

3.2 

3.3 

3,3 

3.1 

2515 

6 

1    4.3     i 

5. 7 

.5.7 

6.8 

6.4 

6.8 

3.85 

3.25 

3.3 

3.3 

3.1 

295 

7 

'     4.1     ' 

5.3 

5.5 

6.a5 

6.6 

7.1 

3.8 

3.15 

3.3 

3.45  1 

3.1 

11 

8 

4.1 

.5.0 

.5.6 

7.05 

6.9 

7.a5 

4.05 

3.3 

3.35 

3.4 

295 

11 

9 

'     4.3 

4.9 
4.6.5 

5. 45 
.5.45 

6.8.5 
7.0 

6.  .5,5 
6.4 

7.0 
7.15 

3.6.5 
3.6 

3.25 
,3.3 

3.3 
3.3 

3.25 
3.35 

3.0 
296 

^flf> 

10 

'     4.3     1 

106 

11 

i     4.1     1 

4. 65 

.5.5 

6.6 

6.3 

7.5.5 

3.7 

3.2 

3.2 

3.3 

295 

10 

12 

1     4.1     , 

4..V) 

.5.4.5 

6.25 

6.3 

7.75 

3.6 

3.3 

3.3 

3.  as 

295 

11 

13 

4.15' 

4.5 

6.1 

6.25 

6.25 

7.75 

3.a5 

3.2 

3.3 

3.35  , 

29 

106 

14 

4.15 

4.  .5.5 

6.15 

6. 45 

6.2 

7.1 

3.45 

2.9 

3.a5 

3.15 

295 

11 

15 

'     4.2     1 

4.3.5 

5.5.5 

6.6 

7.4 

6.95 

3.45 

3.35 

3.35 

3.15 

285 

105 

16 

1  4.7  ; 

4.4 

.5.6 

6.  75 

8.2.5 

6.8,5 

3.35 

3.3 

3.3 

3.25 

285 

105 

17 

1    4.3    1 

4.95 

6.2 

6..^5 

10. 5.5 

6.65 

3.3 

3.3 

3.3 

3.25  I 

28 

11 

18 

1    4.25  1 

4.9 

6.  .5,5 

6.9 

9.0 

6.5 

3.3 

3.35 

3.35 

3.05  j 

28 

115 

19 

4.a5  1 

4.85 

7.ft5 

6.8 

8.8.5 

6.25 

3.3 

3.4 

3.35 

3.2 

285 

115 

20 

'    4.4     1 

.5.8 

7.3 

6.35 

8.8 

6. 15 

3.3 

3.25 

3.35 

3.1     1 

29 

12 

21 

'     4.4,5, 

.5.5 

6.8.5 

6.a5 

8.85 

6.0 

3.3 

3.25 

3.35 

3.05 

3.05 

13 

22 

'     4.45 

5.Z5 

6.6.5 

6.05 

8.2.5 

5.75 

3.3 

3.25 

3.4 

3.0 

285 

135 

23 

'    5.0    I 

.5. 15 

6.3 

6.25 

7.9 

5. 45 

3.3 

3.25 

3.35 

20    1 

29 

13 

24 

'     4.85 

5.1 

6.  .5.5 

6.7 

8.65 

5.35 

3.3 

3.25 

3.4 

295  1 

295 

12 

2.5 

1    4.6 

5.25 

6.5 

7.2.5 

8.6 

4.9 

3.3 

3.3 

3.3 

3.1     ' 

2&5 

10 

26 

'     4..55I 

.5.45 

6.3 

7.6 

8.95 

5.1 

3.25 

3.a5 

3.35 

3.0    1 

285 

2.S5 

27 

1     4.45  1 

5.  .5.5 

6.9 

8.3 

7.  .35 

4.9 

3.2 

3.35 

3.3.5 

3-2    ^ 

3.2 

105 

28 

4.2    1 

5.  .^5 

6.  45 

8.3 

7.1 

4. 75 

3.2 

3.3 

3.35 

3.15 

3.25 

11 

29 

4.25' 

6.85 

8.4 

7.45 

4.65 

3.15 

3.25 

3.35 

3.0 

3.3 

11 

30 

4.3     1 

6.4 

8.15 

7. 45 

4.4 

3.15 

3.3 

3.45 

3.05  I 

3.15 

11 

31 

4.35  1 

6.2 

7.6 

3.2 

3.3.5 



3.15  1 

115 

Station  rating  table  for  Mokelumne  River  near  Clements,  CaL,  from  January  1  to  December  SI, 

1905. 


Gage 
height. 

Discharge. 

1 

Second-feet. 

Gage 
height. 

Feet. 

1 
Discharge.  \ 

Second-feet. \ 

Gaee 
height. 

Feet. 

!  Discharge. 
^Second-feet 

.11. 
,1 

Gage 
height. 

Feet. 

Diacharge. 

Feet. 

Second-feet. 

3.00 

78    1 

4.30 

391 

5.60 

\          1,059 

6.90 

2,000 

3.10 

96    , 

4.40 

427     ' 

5.70 

1           1,124 

1 

7.00 

2,060 

.•?.20 

'              115 

4.. 50 

40,5 

5.80 

1           1.191 

1 
1 

7.20 

2,240 

3.:» 

1              134 

4.60 

.506 

5.90 

1           1,260 

7.40 

2,400 

.3.40 

1.54 

4.70 

.5.50 

6.00 

1           1,3.30 

,1 

7.60 

2,560 

3.50 

1               174 

4.S«) 

.597 

6.10 

1           1,400 

II 

7.80 

2,730 

\\.  00 

1               19.5 

4.00 

617 

6.20 

!           1,475 

l| 

8.00 

2,900 

3.70 

1               218 

5.00 

700 

6.30 

'           1,.5.50 

l| 

8.20 

3,070 

.•^.so 

1              242 

5. 10 

7.V, 

6.40 

L         1.625 

8.40 

3,250 

3.90 

l»f>S 

.5.20 

S12 

ti.TiO 

1.700 

" 

8.60 

3,430 

4.00 

29.5 

:>.M) 

871 

6.r.o 

1,775 

8.80 

3.610 

4.10 

.32.5 

.5.40 

•J32 

6.;o 

1,8.50 

9.00 

3,800 

4.2(1 

3.57     ! 

1 

.5..^. 

99.5 

C.SO 

'           1,925 

1 

1' 

Note.  -Th*  above  tal)le  is  based  on  12  discharge  nioas 
drnnfil  N'tWiH'ii  gago  heights  2.0  feet  and  6.2  foot.  The  tabl( 
liMttg  tii**cJ  uu  I  moasuremeut  at  9  feet  gage  height. 


iirements  made  during  1905.     It  is  well 
has  l>ccn  extended  beyond  these  limits, 
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EsHmakd  monthly  discharge  of  Mokdumne  River  near  dements  ^  Calif.  ^  for  1905. 
[Drainage  area,  642  square  miles.] 


Month. 


Janaary 

February 

March 

April 

May 

Jane 

July , 

Aogost 

September , 

October 

November 

December 

The  year. 


Discharge  in  second-feet. 


Maximum. 


700 

2,520 

2,320 

3,250 

5,260 

2,688 

301 

154 

164 

164 

134 

144 


5,260 


Minimum.  '    Mean. 


325 
400 
032 
1,365 
1,475 
427 
106 
60 
115 
GO 
43 


428 

a53 

1,410 

1,050 

2,547 

1,665 

188 

128 

130 

114 

794 

070 

801 


Run-off. 


Total  in    ' 

acre-feet.    Sec.-feet  per 
I     sq.  mile. 


26,320 

47,370 

86,700 

116,600 

156,600 

99,070 

11,560 

7,870 

8,271 

7,010 

4,725 

5,964 

578, 101) 


.667 

1.33 

2.20 

3.05 

3.97 

2.59 

.293 

.199 

.217 

.178 

.124 

.151 


Depth  in 
inches. 


.769 

1.38 

2.54 

3.40 

4.58 

2.89 

.338 

.229 

.242 

.206 

.138 

.174 


1.25 


ir..fi 


NORTHERN  PACIFIC  OCEAN  DRAINAGE  BASIN. 
RUSSIAN    RIVER  DRAINAGE   BASIN. 

mSOSLLAVEOUS  MEABUREMBNTS. 

The  following  is  a  list  of  miscellaneous  discharge  measurements  made. in  Russian  River 
dnunage  basin  during  1905: 

Rusgian  River  at  Calpellaf  Cat. — ^A  measurement  of  this  stream  was  made  on  September 
21, 1905,  one-fourth  mile  east  of  Calpelia  and  about  3  miles  above  mouth  of  East  Fork  of 
Russian  River  by  R.  S.  Hawley. 

Width,  6  feet;  area,  1.6  square  feet;  mean  velocity,  0.75  foot  per  second;  discharge,  1.2 
secood-feet. 

East  Fork  of  Russian  River  near  Ukiah,  Cal. — A  measuremeht  of  this  stream  was  made 
September  21, 1905,  one-fourth  mile  above  its  junction  with  Russian  River  by  R.  S.  Hawley. 

Width,  10  feet;  area,  4.6  square  feet;  mean  velocity,  0.48  foot  per  second;  discharge, 
22  second-feet. 

Russian  River  at  Preston,  Cal. — A  measurement  of  this  stream  was  made  September  22, 
1905,  1  mile  above  Preston,  Cal.,  by  R.  S.  Hawley. 

Width,  23  feet;  area,  9.8  square  feet;  mean  velocity,  1.05  feet  per  second;  discharge, 
10.3  second-feet. 

EEI^  RIVER  DRAINAGE   BASIN. 

MISOBLLAKXOUS  MEASUKEKSHTS. 

The  following  is  a  list  of  miscellaneous  discharge  measurements  made  in  Eel  River 
drainage  basin  during  1905: 

South  Eel  River  at  Hearst,  Co/.— This  stream  is  tributary  to  the  Eel  River  from  the 
south.  A  measurement  was  made  600  feet  below  the  Hearst  bridge  on  September  19, 
1905,  by  R.  S.  Hawley. 

Width,  20  feet;  area,  7.6  square  feet;  mean  velocity,  1.25  feet  per  second;  dischai^e, 
9.5  second-feet. 
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Middle  Eel  River  at  Oweloj  Cal. — A  measurement  of  this  stream  was  made  Sept4?mber 
19,  1905,  at  the  road  crossing  betwwn  Willets  and  Covelo  about  7  miles  alwve  its  junction 
with  South  Eel  by  R.  S.  Hawley. 

Width,  34  feet;  area,  12.2  square  feet;  mean  velocity,  0.57  foot  per  second;  discharge, 
7.0  second-feet. 

Middle  Eel  Rit^  at  LayUmviUe,  Cal. — A  measurement  of  this  stream  was  made  Sep- 
tember 20,  1905,  50  feet  above  its  junction  with  South  E>1  River  by  R.  S.  Hawley. 

Width,  18  feet;  area,  22  square  feet;  mean  velocity,  0.36  foot  per  second;  discharge, 
8.0  second-feet. 

Eel  River  at  Laytonville,  Cal. — A  measurement  of  this  stream  was  made  September  20, 
1905,  50  feet  below  the  junction  of  Middle  and  South  Eiel  rivers  by  R.  S.  Hawley. 

Width,  20  feet;  area,  16  square  feet;  mean  velocity,  1.69  feet  per  second;  discharge, 
27  second-feet. 

South  Eel  River  at  LayUmviUe,  Cal. — From  the  difference  of  the  measurement  made 
below  the  junction  of  the  Middle  and  South  Eel  and  that  made  on  Middle  E>1  above  on 
September  20,  1905,  the  discharge  of  South  Eiel  at  the  junction  is  19.2  second-feet. 

KLAMATH  lUVEU  DUAIXAGE   BASIN. 

UKK  EIVER  AT  KLAMATH  FALLS,  OBSO.  a 

This  station  was  established  May  15,  1904,  by  J.  H.  Lewis.  It  is  located  at  the  county 
bridge  at  Klamath  Falls,  Oreg.,  IJ  miles  below  the  outlet  of  Klamath  Lake. 

The  channel  is  straight  for  400  feet  above  and  below  the  station.  Tlie  current  is  swift; 
the  fall  in  the  IJ  miles  between  the  lake  and  the  gaging  station  is  about  70  feet.  The 
right  bank  is  low  and  wooded,  but  not  liable  to  overflow.  The  left  bank  is  high  and  rocky. 
The  bed  of  the  stream  is  composed  of  gravel,  free  from  vegetation,  and  subject  to  some 
change.  There  is  but  one  channel  at  all  stages.  One  irrigation  ditch  takes  water  from 
the  river  on  the  left  bank  about  three-fourths  mile  above  the  station.  Driftwood  from  • 
sawmill  above  the  station  collects  around  the  bridge  piers  and  interferes  materially  with 
the  accuracy  of  measurements.  A  short  distance  below  the  gaging  station  the  river  dis- 
charges into  a  lake  of  considerable  size.  At  flood  stages  the  velocity  is  checked  by  water 
backing  up  from  the  lake  below,  which  has  a  tendency  to  give  decreased  velocities  with 
high  gage  readings.  Gage  heights  may  be  affected  by  wind  piling  up  the  water  of  the 
upper  and  lower  lakes. 

Discliarge  measurements  are  made  from  the  upstream  side  of  the  bridge.  The  initial 
point  for  soundings  is  the  first  vertical  rod  supporting  the  floor  l)eam  at  the  left  end  of  the 
bridge,  upstream  side. 

A  staff  gage  is  fastened  vertically  to  the  plank  bracing  between  steel  caissons  near  the 
left  bank.  During  1905  the  gage  was  read  once  each  day  by  G.  H.  Woodbury.  Bench 
marks  wen*  estabHshed  as  follows:  (1)  A  30-penny  nail  driven  into  the  floor  beam  over 
the  gage;  elevation,  12.50  feet.  (2)  The  center  of  a  cross  cut  in  tfie  first  sandstone  above 
the  ground  in  the  southwest  comer  of  the  foundation  of  the  Linkville  Hotel;  elevation, 
15.88  feet.     Elevations  refer  to  the  datum  of  the  gage. 

Gage  heights  and  discharge  measurements  taken  at  this  station  in  1904  are  contained 
in  Water-Supply  Paper  No.  134,  United  States  Geological  Survey. 


a  This  Htation  was  known  as  Klamath  River  at  Klamath  FalUs.  Oreg.,  in  report  for  1904. 
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IHseharyr  meagurtmenU  of  Link  River  at  Klamath  Falls,  Oreg.,  in  790/i. 


I>ate. 


Hydrographcr. 


J»nii*ry  4 ('.  T.  Dariey. 

January  17 do 

J&DU&ry  17 do 

January  17 do 

Febniftry  1 do 

February  13...  I do 

February  17 do 

March2 ' do 

AprU12 ' do 

Junes do 

Jane  20 do 

June  28 do 

July  11 .do 

July  18 ' do 

July  28 ' do 


A  upist  7 do 

August  14 do 

Aufnist  16 1  W.  B.  Clapp  and  C.  T.  Dariey. 

S^tember  7...'  C.  T.  Dariey 

September  16..' do 

November  2 do 


I  I 

,  Width. 


Feet. 
282 
282 
282 
282 

287  I 

288  ', 
288 
288  ' 
290 
270 
277  ' 
283 
297, 
272 
270  I 
2«7 
267  j 

267  I 
267 

268  j 
272 


Area  of  |      Moan 
srction.  ,  velocity. 


Sq.ft. 
1,571 
1,570 
1,571 
1,571 
1,660 
1,683 
1,648 
1,642 
1,733 
1,494 
1,410 
1,354 
1,280 
1,234 
1,178 
1,162 
1,146 
1,187 
1,141 
1,155 
1,254 


Ft. 


per^ec. 

1.82 

1.76 

1.83 

1.67 

2.01 

1.78 

1.70 

1.82 

2.10 

1.56 

1.28 

1.12 

1.15 

.86 

.89 

.90 

.93 

.93 

.90 

.93 

1.02 


Gage 
height. 

Feet. 
4.05 
4.10 
4.10 
4.10 
4.30 
4.50 
4.40 
4.40 
4.49 
3.88 
3.59 
3.40 
3.14 
2.97 
2.80 
2.63 
2,59 
2.60 
2.58 
2.58 
2.90 


Dis- 
charge. 

Sec.-ft. 
2,862 
2,768 
2,872 
2.627 
3,338 
2,994 
2,802 
2,984 
3,645 
2,324 
1,800 
1,517 
1,466 
1,063 
1,049 
1,041 
1,066 
1,104 
1,032 
1,073 
1,283 
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DaUy  gage  height,  in  feet,  of  Link  River  at  Klamath  FaJU,  Oreg.,far  1905. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1  Nov.  ' 

Dec. 

1 

4.1  ' 

4.2 

4.4 

4.5 

4.2 

3.95 

.« 

2.79 

2.6 

2.7 

,     2.81 

3.25 

2 

4.1  ' 

4.4 

4.4 

4.5 

4.2 

3.85 

3.45 

2.75 

2.6 

2.fi5 

,     2.8 

X3 

3 

4.1 : 

4.4 

4.4 

4.5 

4.2 

3.85 

3.3 

2.7 

2.58 

2.7 

'     2,81 

3.29 

4 

4.1 

4.4 

4.4 

4.5 

4.2 

3.9 

a3.3 

2.67 

2.6 

2.7 

1     2.84 

3L2 

5 

4.1  ' 

4.5 

4.4 

4.5 

4.2 

3.88 

3.25 

2.67 

2.58 

2.9 

1     2.82 

S.2 

6 

4.1 

4.5 

4.4 

4.5 

4.2 

3.88 

3.3 

2.67 

2.6 

2.9 

'     2.88 

3.2 

7 

4.1  1 

4.4 

4.4 

4.5 

4.2 

3.81 

3.2 

2.5 

2.58 

2.95 

1     2.86 

3.21 

8 

4.1  i 

4.4 

4.4 

4.5 

4.2 

3.88 

3.2 

2.63 

2.58 

2.7 

1    2.99 

3.23 

9 

4.1  1 

4.4 

4.4 

4.5 

4.2 

3.85 

a3.25 

2.6 

2.58 

2.9 

1     2.99 

3.34 

10 

4.1  1 

4.5 

4.4 

4.5 

4.2 

3.8 

3.25 

2.6 

2.62 

2.8 

1     2.98 

128 

11 

4.1 

4.1 ; 

4.5 
4.5 

4.4 
4.4 

4.5 
4.5 

4.2 
4.2 

3.8 
3.78 

a3.25 
03.2 

2.59 
2.6 

2.63 
2.58 

2.75 
2.8 

1     2.99 
1     2.9 

3  25 

12 

3.26 

13 

41 

4.5 

4.4 

4.5 

4.2 

3.75 

3.2 

2.6 

2.58 

2.8 

1     2.95 

3.27 

14 

4.1 

4.5 

4.4 

4.5 

4.2 

3.7 

3.1 

2.59 

2.6 

2.8 

2.95 

3.24 

15 

4.1 

4.5 

4.4 

4.5 

4.1 

.1.6 

3.05 

2.6 

2.6 

2.7 

1     2.95 

3.34 

16 

4.1 

4.5 

4.4 

4.5 

4.1 

3.7 

a3.0 

2.6 

2.55 

2.8 

i     2.9 

.126 

17 

4.1 

4.4 

4.4 

4.5 

4.1 

3.62 

2.9 

2.60 

2.5 

2.8 

1     2.9 

3.S 

18 

4.1 

4.4 

4.4 

4.45 

4.05 

«3.61 

2.9 

2.63 

2.55 

2.8 

j     2.9 

3.32 

19 

4.1 

4.4 

4.4 

4.4 

4.05 

3.6 

3.0 

2.6 

2.6 

2.8 

1     3.2 

3.32 

20 

4.1 

4.4 

4.4 

4.4 

4.05 

3.50 

2.9 

2.6 

2.6 

2.85 

1     3.1 

3.36 

21 

4.1 

4.4 

4.4 

4.35 

4.0 

«3.55 

2.9 

2.6 

2.6 

2.85 

3.3 

127 

22 

4.1 

4.4 

4.4 

4.35 

4.0 

3.5 

2.95 

2.6 

2.58 

2.79 

3.2 

133 

23 

4.1 

4.4 

4.4 

4.35 

4.0 

3.5 

2.85 

2.6 

2.6 

2.8 

3.15 

13 

24 

4.2 

4.4 

4.4 

4.3 

4.0 

3.5 

2.85 

2.6 

2.68 

2.85 

3.1     1 

132 

25 

4.2 

4.4 

4.4 

4.3 

4.0 

3.4 

02.86 

2.6 

2.55 

2.81 

3.2    1 

129 

26 

4.2 

4.4 

4.4 

4.3 

4.0 

3.4 

a2.85 

2.7 

2.58 

2.8 

3.25  1 

135 

27 

4.2 

4.4 

4.4 

4.3 

4.0 

3.4 

a2.8 

2.8 

2.6 

2.80 

3.15  j 

136 

28 

4.1 

4.4 

4.5 

4.25 

4.0 

3.4 

02.8 

2.6 

2.62 

2.88 

3.15  1 

133 

29 

4.2 

4.6 

4.25 

4.0 

3.4 

2.78 

2.6 

2.66 

2.88 

3.4    , 

14 

30 

4.2 
4.2 

4.5 
4.5 

4.25 

3.95 
3.95 

3.35 

2.79 

2.78 

2.65 
2.55 

2.65 

2.81 
2.9 

3.2    1 

153 

31 

153 

a 

Estimi 

I  tod. 

Station  rating  table  for  Link  River  at  Klamath  Falls,  Oreg.,from  May  15,  1904,  to  December 

31,  1905. 


Gage 
height. 

Feet. 
2.50 
2.60 
2.70 
2.80 
2.90 
100 
3.10 
120 
130 
140 
150 


Discharge. 

I 


Second-feet. 

98.5 

1,035 

1,090 

1,1.10 

1,220 

I  1,300 

I  1,390 

I       i,4a'> 

1,585 
1,690 
1,800 


(lace 
height. 

Feet. 
3.60 
170 
180 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 


Discharge. 

Gage 
height. 

Second-feet. 

Feet. 

1,920  ; 

4.70 

2,045    ; 

4.80 

2,175    j 

4.90 

2,310    1 

5.00 

2,450     1 

5.10 

2,  .590    1 

5.20 

2,740    1 

5.30 

2,900    1 

5.40 

3,060 

5.50 

3,230 

5.60 

3,400    1 

5.70 

Discharge. 

Second-feet. 
3,580 
3,770 
3,960 
4,150 
4,340 
4,530 
4,730 
4,930 
5,140 
5,350 
5,570 


t. 


Feet. 
.5.80 
5.90 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 


Discharge. 

Second-feet. 
5,790 
6,020 
6,250 
6,710 
7,180 
7,660 
8,140 
8,640 
9,140 


Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  twenty-eight 
discharge  measurements  made  during  1904-5.    It  is  not  very  well  defined. 
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EtHmaUd  monthly  discharge  of  Link  River  at  Klamath  Falls,  Oreg.,for  1904  ^^  ^905. 


d-fect. 


Montfa. 


Dischar^  in  second-l 
,  Maximum.    Minimum. ;      Mean 


Total  In 
acre-feet. 


1904. 


May  15-^31 . . 

Jane 

July 

AugOBt 

September  , 

October 

November . 
December. . 


•|-- 


9,015 
8,140 
5,140 
2,960 
1,800 
1,745 
1,962 
2,520  i 


8,140 
5,245 
3,060 
1,860 
1,535 
1,585 
1,745 


1  I 


8,640 
6,740 
4,123 
2,336 
1,662 
1,686 
1,837 
2,185  I 


291,300 
401,100 
253,500 
143,600 
96,900 
103,700 
109,300 
134,400 


The  period . 


1,536,000 


1905. 


January 

February . . , 

March 

April 

May 

June 

July 

August 

September.. 

October 

November. . 
December.. 


740 
230 
400 
230 
740 
380  ' 
745  I 
144  I 
062  I 
260  I 
690  I 
860  , 


2,500 
2,740 
3,060 
2,820 
2,380 
1,638 
1,138  ! 
985  ' 
985  I 
1,062  ' 
1,150  I 
1,485 


2,624 
3,103 
3,087 
3,106 
2,597 
2,004 
1,363 
1,051 
1,033 
1,159 
1,330 
1,.587 


161,300 
172,300 
189,800 
184,800 
150,700 
119,200 
83,810 
64,620 
61,290 
71,260 
79,140 
100,800 


The  year  . 


3,400 


985  i 


2,004 


1,448,000 


KLAMATH  RIVER  AT  KEKO,  ORSG. 

This  station  was  established  August  13,  1904,  by  T.  II.  Humphreys.  It  is  located  one- 
fourth  mile  below  the  county  bridge  at  Keno,  Oreg. 

The  channel  Ls  straight  for  one-fourth  mile  above  and  below  the  station.  The  current  is 
shiggiah  at  low  and  moderate  at  high  stages.  Both  banks  are  low,  clean,  and  liable  to  over- 
flow. The  bed  of  the  stream  is  composed  of  bowlders.  An  up  or  do\ni  stream  wind  piles 
up  the  water  near  the  gage  on  account  of  the  low  velocities. 

Discharge  measurements  are  made  by  means  of  a  cable  and  car  one-fourth  mile  down- 
stream from  the  bridge.  The  initial  point  for  soundings  is  at  the  cable  support  on  the  right 
bank. 

A  staff  gage  is  fastened  verticaUy  to  the  downstream  side  of  the  second  bent  from  the  left 
end  of  the  bridge.  During  1905  the  gage  was  read  once  each  day  by  S.  Padgett.  Bench 
maiks  were  established  as  follows:  (1)  The  top  of  projecting  cap  of  bridge  bent  to  which  the 
gig©  is  nailed;  elevation,  16.80  feet.  (2)  A  60-penny  nail  driven  into  the  south  gatepost 
on  the  west  side  of  the  road  58  feet  from  the  south  end  of  the  bridge;  elevation,  18.85  feet. 
Elevations  refer  to  the  datum  of  the  gage. 

Gage  heights  and  dischaige  measurements  taken  at  this  station  in  1904  are  contained  in 
Water-Supply  Paper  No.  134,  United  States  Geological  Survey. 
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Dischwye  measurements  of  Klamath  River  at  Keno,  Oreg.,  in  1905. 


Date. 


Hydrographer. 


J  anuary  10 '  C.  T.  Darley . 

Januar>'  23 i do 

January  30 do 

February  9 do 

February  18 do 

March  3 do 

March  31 do 

April  13 do 

May  17 do 

June  19 do 

July  14 do 

August  14 do 

August  31 do 

November  3.  .J do 

Decembers ] do 


Width.  I 

Ffet. 
407 
420 
420 
425 
428 
432 
4-25 
42,5 
427 
410 
407 
402 
'  404 
409 
410 


Area  of        Mean 


I 


Ga 


Dii- 


seetion.     velocity,      hei^t.      cfaarf^. 


Sq. 
3, 
3, 
3, 
3, 
3, 
3, 
3, 
3, 
3, 
3, 
3, 
3, 
3, 
3, 
3, 


//.      Ft, 

800 

794 

804 

700 

838 

fm 

828 

760 

687 

545 

348 

129  ' 

221 

325 


per  sec  J 
.0.68 
.77 
.76 
.80 
.83 
.82 
.83 
.80 
.73 
..j9 
.43 
.37 
.29 
.20 
.2.11 


Feet, 
13.00 
13.30 
13.30  ' 
13.25 
13.30 
13.30 
13.32 
13.28 
13.03 
12.68 
12.80 
11.80  j 
11.75 
12.00  ■ 
12.28 


Sec-ft. 
2,590 
2,993 
2,87.. 
2.975 
3.192 
3,14:. 
3,139 
3.01.3 
2.676 
2.102 
1.44.* 
1.146 

m 


Daily  gatje  height,  in  feet,  of  Klamath  River  at  Keiio,  Ore4j.,  for  1906. 


Day. 


Jan.      Feb.     Mar.     Apr.  '  May.  \  Jime.  ,  July.     Aug.  ,  Sept.  !  Oct.     N6v.    Dec. 


] 

1  12.9 

13.2 
13.2 
13.3 

13.3 
13.3 
13.3 

13.4 
13. 4 
13.4 

1.3.2  1 

2 

12.9 

13.2 

3 

'  13.0 

13.2 

4 

13.0 

13.3 

13.3 

13.4 

13.2 

1,3.0 

1.3.3 
1.3.3 
13.3 

13.3 
1.3.3 
1.3.3 

13.4 
1.3.4 
1.3.4 

13.2 

6 

'  13.0 

13.2  1 

7 

1  13.0 

13.2  1 

8 •- 

1  13. 1 

13.3 

13.3 

1.3.4 

1.3.1 

9 

13. 1 

13.3 
13.3 

1,3.3 
1.3.3 

13.4 
13.4 

13  1  1 

10 

13.1 

13.1  j 

11 

1.3. 1 

13.3 

1.3.3 

13.4 

13.1 

12 

13.1 

13.3 

13.3 

13.3 

13.1  ' 

13 

13.1  ' 

13.3 

13.2  1 

13.3 

13.11 

14 

13. 1 

13.3 

1.3.2  , 

13.3 

13.1 

15 

13. 1 

13.3 

13.2 

13.3 

13.1 

16 

1.3.1 

1,3.3 

13.2  ' 

13.3 

1.3.1  ' 

17 

13. 1 

1,3. 3 

1,3.2 

13.3 

13.0 

18 

1,3. 1 

13. 3 

13.2  1 

13.3 

13.0  ' 

19 

13.1 

1,3.3 

1.3.2  ' 

1.3.2 

13.0  1 

20 

1.3.1  1 

13.3 

13  2 

13  2 

13  0' 

21 

13  l' 

13  3 

13  2 

13  2 

13  0  ' 

22 

13. 1  1 

13.3 

1.3. 2 

1.3.2 

13.0  1 

23 

13.3  1 

1.3.3 

1.3.2 

13.2 

1.3.0  , 

24 

13.1 

1.3. 3 

13.2 

13. 2 

1.3.0 

25....  .... 

13.1  1 

13. 3 

13.3 

1.3.2 

1.3.0 

26 

'■^•1| 

13. 3 

1.3.3 

13.2 

13.0 

0-' 

.  ..     13.1  ' 

1.3.3 
1.3.3 

13.3 
13.4 

13.2 
1.3.2 

13.0  ' 

28 

13.2  1 

1.3.0 

29 

13.2  ' 

13.4 

13. 2 

13.0  1 

30 

13.2,' 

1.3.4 

1.3.2 

1.3.0  1 

31 

13.2' 

13.4 



13.0 
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Station  roHnf;^  iahUfor  Klamath  River  at  Keiw,  Oreg. ,  from  May  31, 1904,  to  December  SI ,  J 906. 


Gag© 
height. 

I>i»charge. 
Seconfl-feet. 

he^ht. 
Feet. 

Discharge. 
Second-fret. 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

Discharge. 

Pert. 

Second-feet. 

11. eo 

900 

12.60 

I,9fl0 

13.fiO 

3,730 

i4.eo 

6.590 

11. TO 

970 

12.70 

2.100 

13.70 

3,9«) 

14.70 

6,940 

11. 80 

i^aw 

12.80 

2.250 

13.80 

4,200 

14.80 

7,300 

11. 90 

1,140 

12.90 

2,  ^CO 

1.3.90 

4,4tJ0 

14.90 

7,670 

12.  OO 

1,240 

13.00 

*       2,5H0 

14.00 

4,7.?0 

15.00 

8.050 

12.10 

1,350 

13.10 

2.730 

14.10 

5.010 

l.--..  10 

8,440 

12. 20 

!,<60 

13.20 

2.910 

14  20 

5.  .»0 

15.20 

8.840 

12.  .30 

1.580 

i,<.;.o 

.3, 100     i 

14.30 

.>,«00 

!,'•».  30 

0,2.'JO 

12.40 

1.700 

13.40 

3,:«K)    ' 

14.40 

5.920 

12.50 

1,830 

13.50 

3,  .-.10    1 

u.m 

6,2.% 

Note.— The  al>ove  table  is  applicable  only  for  opeji-channol  conditions.    It  is  based  on  22  dlscliargo 
measurements  made  during  1904-5.    It  is  well  defined  between  gagp  heig^its  12.2  feet  and  13.3  feet. 

Estinuited  monthly  discharge  of  Klamath  Hit^r  a*  Kena,  Oreg.,  for  190^  and  1905. 


Month. 


Discharge  in  second-feet. 


Maximum. .  Minimum. 


Mean. 


Total  in 
acre-feet. 


June 

July 

August 

September. 
October... 
November . 
December. . 


8, 440 
5,300 
3,100 
2,100 
1,830 
2,100 
2.400 


The  peritxi . 


1905. 


January . . 
February . 

March 

.\pril 

May 

June 


July 

.\UgU8t 

September. 
October.. . 
November. 
December . . 


100 
100 
300 
300 
910 
.560 
Kyd 
140 
140  I 
350  : 
580  I 
&30  I 


3,  .300 
2,100 
1,700 
1,700 
1,960 
2,  K» 


The  year. 


3,  .300  I 


2,400 
2,910 
2,910 
2,910 
2.  .560 
1,830 
1,140 

i,a-)0 
i,a*}0 

1,140 
1,3;50 
1.580 

i,av) 


7,076 
4,177 
2,513 
1,778 
1,775 
2,007 
2.2.35 


421.100 
2.56, 800 
154,. '00 
ia5,8(X) 
109,100 
119, 4(« 
137, 400 

1,.304,«)0 


2.716 
3,086 
3,a52 
3,097 
2. 688 
2, 1.57 
1,136 
1,06.5 
l,a56  ! 
I,2a3  I 
1,445 
1,694 

2,a58 


167.  WX) 
171,400 
187. 7W 
18.1..MK) 
16.5,  ;ioo 
128. 400 
8S.3()0 
65.48(5 
62,840 
73,970 
85,980 
104,200 

,48.5,000 
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STREAM    MEASUREMENTS    IN    1906,  PART   XIII. 


8T0AK  RIVXR  inSAS  8ILVXRLAKB,  OREO. 

This  station  was  established  May  2,  1905,  by  Ivan  Landes.  It  is  located  about  20  miles 
south  of  Silverlake,  Oreg.,  in  sec.  19,  T.  32  S.,  R.  14  E. 

The  channel  is  straight  for  about  20  feet  above  and  150  feet  below  the  station.  Thr 
current  is  swift.  The  rig^t  bank  is  high,  rocky,  and  clean  and  does  not  overflow.  The 
left  bank  is  low,  clean,  and  subject  to  overflow  at  extreme  high  stages.  The  bed  of  the 
stream  is  of  rocks,  gravel,  and  sand,  free  from  vegetation,  and  permanent.  There  is  but 
one  channel  at  low  and  two  channels  at  high  stages. 

Dischai^  measurements  are  made  from  a  private  bridge.  The  initial  point  for  aotindingt 
is  at  the  west  end  of  the  bridge. 

A  staff  gage  is  fastened  vertically  to  a  bent  of  the  bridge.  During  1905  the  gagp  was 
read  by  O.  F.  Griffith  and  J.  S.  Wakefield.  The  bench  mark  is  a  marked  point  of  rock  on 
the  right  bank  a  short  distance  upstream  from  the  bridge;  elevation,  6.79  feet  above  the 
datum  of  the  gage. 

Discharge  measurements  ofSycan  River  ntar  Silverlake ,  Oreg.^  in  1905, 


Date. 


Hydrogmpher. 


I  *"«•.!  ^oS! 


March  16 Ivan  Landes. 

April  10. do. 

May  2 do. 

June  12 1 do 

July  30. '  Landes  and  King. 

October  3 '  Ivan  Landes 


November  7 ' do 


Feet. 

21  I 
30  I 

,52  I 

19; 

14  I 
12  I 


Sq.ft. 

28 


44 

U.9 
14.9 
7.1 


Mean 
velocity. 


Ft.  per  $ec.' 
1.38 
2.36 

L76  I 
1.56  I 
.86  I 

.36  I 
.85 


Gage 
bei^t. 

Feet. 
2.40 
3.05 
3.45 
2.32 
L27 
1.70 
1.12 


Di»- 
chargp. 

rfc-fl. 
38 
110 
1«3 


I 


ia2 

5.4 
6.0 


DaUy  gage  height ^  in  feet,  ofSycan  River ,  near  SUveriaJce,  Oreg.,  for  1905. 


Day.       'May.  Juno,  July.   Aug.  Sept.     Oct.  Day.        May. 'June.  July.   Aug.   Sept.    C>ct 


1... 

2... 

3... 

4... 

5... 

6... 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
14... 
15... 
16... 


....I  3.45 
....    3.35 


3.25 

3.2 

3.2 

3.25 

3.6 

3.4 


2.6 
2.6 
2.6 
3.0 
,3.1 
3.1 
3.2 
3.0 
3.0 


3.35 

a2.5 

3.35 

2.4 

3.3 

2.3 

3.4 

2.4 

3.25 

2.6 

3.3 

2.4 

3.35 

2.2 

1.8 

1.8 

1.75 

1.75 

1.7 

1.7 

1.7 

1.6 

1.6 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 


1.25  , 
1.25  I 
l.l 
1.15  i 

.8    I 

.8 

.8    ' 

.8    I 

.8 

.8    ' 

.8     ' 

.8 

.8 
1.0 
1.0 
1.0    , 


1.4 

1.4 

1.5 

1.5 

1.55 

1.55 

1.55 

1.55 

1.6 

1.65 

1.7 

1.7 

1.75 

1.75 

1.75 

1.75 


1.7 

1.85 

1.7 

1.85 

1.8 

2.0 

1.9 

1.8 

1.7 

1.7 

1.8 

1.7 

1.7 

1.65 

1.8 


1  17 

..'  3.5 

18 

..'  3.4 

19..  .. 

33 

20 

.'  3.4 

21 

..'  2.9 

22 

..'  3.0 

23 

.1  3.1 

24 

..  3.0 

25 

..  2.9 

26..  . 

3.2 

27 

..  3.55 

28 

..  3.1 

29 

•^ 

31 

..  2.9 

..'2.7 

2.15 

2.05 

2.2 

2.1 

2.0 

1.8 

1.9 

1.9 

1.9 

1.95 

1.9 

1.9 

1.85 

1.85 


1.0 

1.05 

1.05 

1.1 

1.1 

1.15 

1.15 

1.2 

1.25 

1.25 

1.3 

1.3 

1.35 

1.35 

1.4 


1.75 

l.S 

1.8 

1.75 

1.75 

1.75 

1.75 

1.76 

1.75 

1.75 

2.0 

1.0 

1.8 

1.8 

1.8 


1.8 

1.8 

1.7 

1.85 

1.7 

1.7 

l.S 

1.85 

1.85 

1.85 

1.85 

1.7 


•  Water  turned  Into  ditch. 
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LOST  KTVER  NEAR  CLEAR  LAKE,  OAL. 

This  station  was  established  September  1,  1904,  by  T.  II.  Humphreys.  It  is  located 
about  2  miles  downstream  from  Jessie  D.  Carr's  Clear  Lake  dam,  a  short  distance  below 
the  dam  site  for  Clear  Lake  reservoir,  about  20  miles  from  Tule  Lake  post-office,  Cal. 

TTie  channel  is  straight  for  about  150  feet  above  and  below  the  station.  The  current  is 
swift.  Both  banks  arc  high,  rocky,  and  clean.  There  is  a  flood  plain  about  150  feet  in 
width  along  the  left  bank.  The  bed  of  the  stream  is  composed  of  rock,  gravel,  and  soil. 
The  channel  contains  a  considerable  growth  of  tules  during  the  spring  and  summer  months. 

Dischai^  measurements  are  made  during  flood  stages  by  means  of  a  cable  and  car,  and 
at  k>w  stage-s  by  wading.     The  initial  point  for  soundings  is  the  left-bank  end  of  the  cable. 

A  gage  is  painted  on  the  vertical  rock  clilf  on  the  right  bank.  November  4,  1905,  an 
automatic  water-height  register  was  installed  for  recording  gage  heights.  The  bench 
mark  is  a  mark  on  the  rock  to  which  the  left  end. of  the  cable  is  anchored;  elevation,  16.62 
feet  above  the  datum  of  the  gage. 

Gage  heights  and  discharge  measurements  taken  at  this  station  in  1904  are  contained 
in  Wat«r-Supply  Paper  No.  134,  United  States  Geological  Survey. 

Discharge  measurements  of  Lost  River  near  Clear  Lake,  Cal.,  in  1905. 


Date. 


January  26. 
February  3 . 
February  7 . 
February  24 

March? I do 

Marrhia I do 

April  3 ' do 


nydrographer. 


C.  T.  Darley. 

....do 

....do 

....do 


Aprils 

April  28... 

June  2 

September  1 
October  30. 


.do. 
.do. 
.do. 
.do. 
.do. 


Width. 


Area  of 
section. 


Mean 
velocity. 


Gage  Dis- 

heignt.      charge. 


Feet. 

Sq.ft. 

Ft.  per  gee. 

Feet.     • 

Sec.-ft. 

102 

92 

1.75 

6.30  1 

161 

130 

196 

2.31 

7.20  ' 

453 

100 

104 

2.08 

6.39 

216 

98   1 

70 

1.77 

6.01  ' 

124 

102 

102 

1.92 

6.35 

196 

110   ' 

115 

2.19 

6.50 

252 

130 

2a3 

2.64 

7.30 

53.5 

»2   1 

85 

2.05 

6.24  1 

174 

14   ' 

12.8 

1.88 

5.28 

24 

9.5  j 

8.8 

.90 

5.00  1 

7.9 

10 

8.8 

.66 

5.02' 

5.8 

16 

10. 1 

.75 

5.10  ' 

7.0 

1KB  177—06 16 
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Daily  gage  height ,  in  feet ^  of  Lost  River  near  Clear  Lake,  Cat. ^  for  1905. 


Day. 

Jan. 

1 

2 

5.4 
5.4 

3 

5.4 

4 

5.4 

5 

5.4 

6 

5.4 

7 

5.4 

9 

5.4 
5.4 

10. 

5.4 

11 * 

5.4 

12 

5.4 

13 

5.4 

14 

5.6 

15 

5.8 

16 

6.0 

17. 

6.25 

18 

6.3 

19 

6.3 

20 

6.3 

21 

6.35 

22 

6.4 

23 

6.4 

84 

6.45 

25 

6.5 

26 

6.3 

27 

6.0 

28 

6.2 

29 

6.4 

30 

6.6 

31. 

6H 

Feb. 

Mar. 

7.3 

6.3 

7.8 

6.2 

7.3 

6.3 

7.1 

6.3 

i  6.8 

6.4 

Apr.  I  May.  j  Juno. 


1  6.1 

6.4 

1  5.8 

6.3 

1  5.6  1 

6.2 

5.2  ! 

6.2  1 

6.3 
6.5 
6.4 
6.3 
6.2 
6.2 
6.3 
6.5 
6.2 
6.1 


6.7  I 
6.3 
6.4' 
6.6  I 
6.9 
6.9  I 

6.5  I 

6.3  ; 
b.5  I 
6.9  j 

6.6  i 

6.7  I 
6.0 

6.4  I 


7.5 

7.2 

6.9 

6.7 

6.6 

6.4 

6.2 

6.0 

5.8 

5.7 

5.8 

5.7 

5.5 

5.5 

5.55 

5.6 

5.6 

5.7 

5.5 

5.5 

5.5 

5.45 

5.4 

5.4 

5.5 

5.4 

5.3 

5.3 

5.3 


5.3 
5.3 
5.2 
5.2 
5.1 
5.1 
5.15 
5.2 
5.2 
5.2 
5.3 
5.4 
5.35 
5.3 
5.25 
5.2 
5.15 
5.1 
5.05 
5.05 
5.0 
5.0 
5.0 
4.95 
4.9 
4.9 
4.95 
.  5.0 
5.05 
5.1 
5.05 


5.0 

5.0 

5.a5 

5.1 

5.15 


5.2 

5.35 

5.6 

5.9 

5.8 

5.7 

5.6 

5.4 

5.25 

5.1 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 


July.     Aug.     Sept.     Oct.     .Nov.    I)w 


5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
.■V.l 
5.1 
5.1 


5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
.5.1 
5.1 
5.1 
5.2 
5. 15 


5.0        1 

.5.15 

5.0    .  . 

, 

5.15 

5.0   ' 

5.15 

5.0 

5.15 

5.0  1 

1 

5.2 

5.0   

5.2 

50       ! 

1 

5  2 

5.0  1 

5.1 

5.15 

5.0   ' 

5. 1 

5.15 

1 

5. 1 

1 

.xl5 

5. 15 

5.2 

5.2 

.>.2 

5.2 

5.2 

5. 15 

3.15 

5.15 

5.15 

5.15 

0.15 

5.15 

5.15 

5.2 

5.2 

5.2 

5.2 

5.2 

5.2 

5.2 

5.2 

5.2 

5.2 

5.2 

5-2 

5.2 

5.2 

5.2 

5.2 


Station  rating  table  for  Lost  River  near  Clear  Lake,  Cal.,from  September  4,  1904^  to  Deeent- 

ber  31,  1905. 


«X    iD'^hanre.     ,«Xt 


heigl 


Discharge*. 


Gage 
Ight. 


helgl 


Discharge.  I   j^^jX.     I^lscharge. 


'     Feet.      Second-feet.       Feet.      Second-feel.       Feet.      Second-feet.\     Feet.      Second-feet. 

4.90 
I  5.00 
I        5.10 

5.20 

5.30 
I        5.40 

5.50 

5.60 

Note.— Tbe  above  table  is  based  on  16 discharge  measurements  made  during  1904-5.    It  isfe^rly  well 
defined. 


6 

5.70 

9 

5.80 

12 

5.90 

17 

6.00 

23 

6.10 

31 

6.20 

41 

6.30 

53 

6.40 

66 

6.50 

81 

6.60 

98 

6.70 

117 

6.80 

138 

6.90 

160 

7.00 

184 

7.10 

210 

7.20 

238  ' 

7.30 

508 

268 

7.40 

545 

300  ! 

7.50  \ 

582 

332 

7.60 

619 

365 

7.70 

657 

400 

7.80 

695 

«6  1 

7.90 

733 

472   , 

8.00 

772 
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E^iifnaled  moniMy  discharge  of  Lost  River  near  Clear  Lake,  Cal.,for  1904  and  1905. 


Discharge  in  second-feet. 


Month. 
1904. 

Maximum. 

•      • 

Total  In 

Minimum. 

Mean. 

11.3 
18.1 
15.5 
18.2 

acre-feet. 

September. 

20 

1 
9 

12 

12 

14 ; 

673 

October         

•                23 

1,113 

November .-.. 

923 

I'ecember 

19a5. 

332 

1,119 

1i*rnu>.r>'                                 .  .  .  . 

117 
23 

6  ; 

9 

120 

217 

224 

127 
14.6 
21.6 
07.0 
O6.0 
O7.0 

«10.0 
13.0 
16.0 

7,379 

February 

March           

69.5 

365 

12,050 
13,770 

Vpril                             -    .  - 

582 

7,557 

Mav                          

31 

808 

Juup 

98 

1,286 

Jnlv               

430 

\itf^^       .    . 

369 

417 

October             

615 

■Vovember 

17 

12 

1 

774 

I>eceiiiber 

12 

984 

The  yejiir          . .  - 

65.3 

46,530 

a  Estimated. 
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STREAM   MEASUBBMENTS   IN    1905,   PABT'Xm. 


LOST  RIVEB  NEAR  WyRRTTJ.,  ORBG. 

This  station  was  established  July  26,  1904,  by  T.  H.  Humphreys.  It  is  located  about 
IJ  miles  downstream  from  the  Stukel  Bridge,  4  miles  northwest  of  Merrill,  Oreg. 

The  channel  is  straight  for  200  feet  above  and  400  feet  below  the  station.  The  curreot 
is  swift  at  high  and  medium  at  low  stages.  Both  banks  are  high  and  not  Uable  to  over- 
flow. The  bed  of  the  stream  is  composed  of  clay,  rock,  and  gravel,  and  is  not  subject 
to  change.  There  is  but  one  channel  at  all  stages.  During  low  water  the  flow  over  the 
greater  portion  of  the  section  is  shallow  and  broken,  making  it  difficult  to  obtain  accurate 
results  with  a  current  meter.  Near  the  right  bank  the  channel  is  deeper.  At  low  water 
in  the  fall  of  the  year  a  considerable  growth  of  water  grass  accumulates  in  the  chaQDel. 
An  old  rock  dam  located  200  feet  above  the  gaging  station  does  not  materially  interfere 
with  the  accuracy  of  dischai^  measurements. 

Discharge  measurements  are  made  at  flood  stages  by  means  of  a  cable  and  car  and  at 
low  water  by  wading.  The  initial  point  for  soundings  is  the  stream  face  of  the  left-bank 
cable  support. 

A  stafl"  gage  is  fastened  vertically  at  the  left  bank  about  40  feet  upstream  from  the 
cable.  During  1905  the  gage  was  read  by  Mrs.  Joseph  Stukel.  Bench  marks  were  estab- 
lished as  follows:  (1)  A  large  wire  nail  driven  into  post  supporting  cable  at  left  bank; 
elevation,  17.92  feet.  (2)  A  nail  driven  into  the  sill  at  the  northwest  comer  of  a  granary 
200  feet  downstream  from  the  cable  on  the  right  bank;  elevation,  20.61  feet.  Elevations* 
refer  to  the  datum  of  the  gage. 

Gage  heights  and  discharge  measurements  taken  at  this  station  in  1904  are  contained 
in  Water-Supply  Paper  No.  134,  United  States  Geological  Survey. 

Discharge  meagurements  of  Lost  River  near  Merrill  ^  Oreg.y  in  1905. 


Date. 


January  18 . . 
February  1 . . 
Februarys.. 
February  27. 

March  5 

Aprils 

April  14 

April  29 

May  12 

June  14 


Hydrographer. 


.  T.  Darley . 

..do 

-.do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 


July  23 1 do 

August  15 j  C.  T.  Darley  and  W.  B.  Clapp. 

August  26 '  C.  T.  Darley 

September  15 . .  | do 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Feet. 

Sq.ft. 

Ft  per  sec. 

Feet. 

87 

82 

1.60 

3.50 

102 

208 

2.72 

4.80 

108 

240 

2.74 

5.05 

92 

197 

2.70 

4.55 

96 

199 

2.71 

4.63 

120 

425 

2.67 

6  77 

90 

140 

2.03 

4.00 

80 

95 

1.53 

3.50 

89 

95 

1.37 

3.50 

89 

86 

1.36 

3.41 

90 

86 

1.36 

3.45 

88 

82 

1.26 

3.41 

87 

84 

1.21 

3.31 

87 

83 

1.22 

3.32 

Dis- 
charge. 


Sec.-fl. 
131 
566 
658 
&33 
540 
1>134 
2^ 
145 
130 
117 
117 
103 
102 
101 
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J^euly  gage  height ^  infeety  of  Lost  River  near  MerriUy  Oreg.jfor  1905. 


Day. 

i   Jan. 
3.5 

Feb. 

4.5 

Apr. 

4.8 

May. 
3.5 

June. 
.3.5 

July. 
3.4 

Aug. 
3.4 

Sept. 
3.3 

Oct.- 
3.3 

Nov. 
3.3 

J>ec. 

, 

4.7 

3.3 

2 

3.5 

5.7 

4.5 

4.8 

3.5 

3.5 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

3 

3.5 

6.3 

4.5 

6.0 

3.5 

3.5 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

4 

3.5 

6.8 

4.5 

7.0 

3.5 

3.5 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

•1 

3.5 

7.0 
6.2 

4.6 
4.6 

6.8 
6.0 

3.5 
3.5 

3.5 
3.5 

3.4 
3.4 

3.4 
3.4 

3.3 
3.3 

3.3 
3.3 

3.3 
3.3 

3.3 

6 

3.5 

3.3 

- 

3.5 

5.6 
5.1 

4.6 
4.55 

5.3 
5.4 

3.5 
.3.5 

3.5 
3.5 

3.4 
3.4 

3.4 
3.4 

3.3 
3.3 

3.3 
3.3 

3.3 
3.3 

3  3 

g 

3.5 

3.3 

9 

3.5 

4.7 
4.4 

4.5.5 
4.4 

5.6 
5.8 

3.5 
3.5 

3.5 
3.5 

3.4 
3.4 

3.4 
3.4 

3.3 
3.3 

3.3 
3.3 

3.3 
3.3 

3.3 

10 

3.5 

3.3 

11 

3.5 

4.2 

4.3 

5.9 

3.5 

3.5 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

12 

3.5 

4.0 

4.35 

4.0 

3.5 

3.55 

3.1 

3.4 

3.3 

3.3 

3.3 

3.3 

13 

3. 5 

3.9 

4.2 

4.0 

3.5 

3.55 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

14 

3.5 

3.8 

4.2 

4.0 

3.5 

3.  .55 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

15 

3.5 

3.8 

4.2 

4.0 

3.5 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

16 

3.5 

3.7 

4.1 

3.9 

3.5 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

17 

1       ^'^ 

3.7 

4.1 

3.9 

3.5 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

18 

!       3.5 

3.7 

4.1 

3.8 

3.5 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

19 

3. 5 

3.7 

4.1 

3.8 

3.5 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

ao 

3. 5 

3.8 

4.2 

3.8 

3.5 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

21 

3-5 

3.8 

4.4 

3.7 

3.5 

3.4 

3.4 

3.4 

3  3 

3.3 

3.3 

3.3 

22 

'      3.5 

3.9 

4.5 

3.7 

3.5 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

a 

3.5 

4.4 

4.6 

3.7 

3.5 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

24 

3.5 

4.4 

4.7 

3.6 

3.5 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

25 

4.5 

4.5 

4.9 

3.6 

3.5 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

26 

5.4 

4.5 

4.6 

3.5 

3.5 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

.-,- 

5.3 

4.5.5 
4.55 

4.6 
'    5.0 

3.5 
3.5 

3.5 
3.5 

3.4 
3.4 

3.4 
3.4 

3.4 
3.4 

cc    cc 

cc    cc 

3.3 
3.3 

3.3 
3.3 

3.3 

28 

5.0 

3.3 

29 

4.7 

4.9 

3.5 

3.5 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

30 

4.5 

4.8 

3.5 

3.5 

3.4 

3.4 

3.4 

3.3 

3.3 

3.3 

3.3 

31 

4.4 

4.8 

3.5 



3.4 

3.4 



a3 

.3 

Station  rating  table  for  Lost  River  near  Merrill,  Oreg.,from  July  16,  1904,  to  December  SI, 

1905. 


helgK. 

1  Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

1      Feet. 

Second-feet. 

Feet. 

Second-fret. 

Feet. 

'         3.30 

102 

3.60 

176 

3.90 

1         3.40 

125 

3.70 

203    , 

4.00 

1  -•' 

150 

3.80 

232 

4.10 

Discharge. 

height. 

Discharge. 

Second-feet. 
262 
2»4- 
328 

Feet. 
4.20 

Second-feet. 
362 

Note.— The  above  table  Is  applicable  only  for  open-channel  conditions.  It  is  based  on  20  discharge 
measureraents  made  during  1904-5.  It  is  not  well  defined.  Atx>ve  gage  height  4.2  feet  the  rating 
curve  is  a  tangent,  the  difference  being  35  per  tenth 


Digitized  by  LjOOQIC 


238 


STBEAM    MEASUREMENTS    IN   1905,   PART    XIII. 


Estimated  monthly  discharge  of  Lost  River  near  Merrill ^  Oreg.jfor  190J^  and  1905. 


Month. 


July  35-31.. 

August 

September. 

October 

November. 
December. . 


Discharge  in  seeond-Xeet. 


Maximum.  |  Minimum.      Mean. 


Total  in 
acTp-lwl. 


203  I 
203  I 
176  ' 
1«3  ^ 
150 
1.50' 


The  period . 


I 


January.. 
February. 

March 

April 


May 

June 

July 

August 

September. 

October 

November. 
December.. 


203 
176 
163 
150 
150 
150 


I 

ao3  I 

190  I 
165 
158  I 
150  ] 
150  ! 


The  year. 


2,415 
12,240 
9,'81S 
9,715 
8,926 
9,223 


52.330 


782 

150 

248 

15,250 

1,342 

203 

514   : 

38,550 

642 

328 

461  1 

28,350 

1,342 

150 

470  , 

27,970 

150 

150 

150 

9.223 

163 

125 

138) 

8,212 

125 

125 

125  1 

7,6!« 

125 

125 

125  1 

7.6H6 

102 

102' 

102  , 

6,0fi9 

102 

102  1 

102  . 

6,2:2 

102 

102  1 

102' 

6,0« 

102 

102  1 

1 

102  ' 

1 

6,272 

1,342 

102 

220 

157,600 

TTFLE  LAKE    KEAR  MERRnJ..  OREG. 

This  station  was  established  May  17, 1904,  by  John  H.  Lewis  and  Ivan  Landes  for  record- 
ing the  water  level  in  Tiile  Lake.  It  is  located  on  Tule  Lake  at  the  mouth  of  Lost  River 
about  3  miles  east  of  Merrill,  Oreg  ,  25  miles  south  from  Klamath  Falls,  and  near  the  Oregon- 
California  line. 

The  gage  is  a  vertical  timber  fastened  to  posts  driven  in  the  lake  bed,  about  20  feet  from 
the  shore  of  the  lake.  It  is  in  line  with  the  east  lane  fence,  one-fourth  mile  south  of  the 
residence  of  J.  Frank  Adams.  The  bench  mark  is  a  notch  cut  in  large  juniper  gatepost  on 
the  north  side  of  the  gate  entrance  alx)Ut  60  feet  distant  from  the  gage  rod;  elevation,  13.70 
feet  above  the  zero  of  the  gage. 
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DaUy  gage  height ^  infect,  ofTule  Lake  near  MerriUf  Oreg.yfor  1906. 


Day. 

J.n. 

Fe!>. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2 

1 

9.25 

1 

3 

I 

9.05 

8.6 

4 

9.2 

( 

1                       i 

6 

9.1 

1             t             1 

7.95 

K 

7.05 

6.85 

6.85 

9 

:. 

10 

9.0 

8.5 

11 

1.                   . 

1                                     1 

12 

8.9 

1 

13      • 

8.6 

1 

14 

' 

7.8 

7.3 

1 

15 

9.15 

1 

6.7 

16 

9.15 

1 

7.0 

6.8 

1 
17 

8.4 

18 



8.9 

■    ,          :      ^     1          1 

19 

8.95 

t             '             1      • 

3D                             ■    i '....       * 

1 

21,             ...   .     ' 1 

7.6 

22 1     - -     1 

7.2 

23 

9.2 

9.1 

6.9 

6.8 

24 

9.1 

8.3 

r* 

36 

1 

6.6 

27 

9.0 

8.7 

a* 

' 

29 

1 

1              t 

1            ;            ■                        1 

30 

'  .  .   .. 

8.05 

7.5  * 

7.1 

6.95 

6.8 

31 

•     8.65 

6.55 

Note.— Ice  out  of  river,  Jan.  31. 

MILLEB  OKEEK  KEAK  LORSLLA,   OREG. 

This  station  was  established  August  10,  1904,  by  F.  S.  Chapman.  It  is  located  at  Horse- 
fly, 10  miles  northeast  of  Lorella,  Oreg. 

The  channel  is  straight  for  600  feet  above  and  100  feet  below  the  station.  The  current  is 
sluggish  at  low  and  swift  at  high  stages.  Both  banks  are  high,  rocky,  wooded,  and  not 
subject  to  overflow.  The  bed  of  the  stream  is  of  rock  and  gravel,  and  not  liable  to  change. 
The  channel  is  obstructed  by  much  vegetation  during  the  season  of  low  stage. 

Discharge  measurements  are  made  during  high  stages  by  means  of  a  cable  and  car,  and  at 
kiw  stages  by  wading.  The  initial  point  for  soundings  is  the  stream  side  of  the  cable  support 
on  the  right  bank. 

A  staff  gage  is  fastened  vertically  at  the  right  bank,  300  feet  upstream  from  the  cable, 
where  the  water  stands  in  a  pool.  During  1905  the  gage  was  read  by  Louis  Gerber.  On 
December  9,  1905,  an  automatic  water-height  register  was  installed  for  recording  gage 
Iieights.  The  bench  mark  is  a  point  on  top  of  a  large  bowlder  25  feet  downstream  from  the 
gage;  elevation,  12.68  feet  above  the  datum  of  the  gage. 

Gage  heights  and  discharge  measurements  taken  at  this  station  during  1904  are  contained 
in  Water-Supply  Paper  No.  134,  United  States  Geological  Survey. 
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Discharge  m€€isurements  ofMiUer  Creek  Tiear  LordUiy  Oreg,,  in  1905, 


Date. 


Hydrographer. 


January  28 C.  T.  Darley . 

February  4 ' do 

February  6 ' do 

February  25 ... ' do 


March  8 . . 
March  15 . 
April  2 . . . 
April  9 . . . 


do 

F.  S.  Chapman. 

C.  T.  Darley 

....do 


April  28 1 do. 

Junel I do. 


Width     -^r^of       Mean  Qa«e  Dis- 

I     *""^-|  section.  '  velocity,     helgpnt.      charge. 


Feet. 

Sq.ft. 

t 
Ft.  per  sec  J 

Feet.     1 

See.-fi. 

110 

72 

2.03 

7.25  j 

146 

124 

86 

1.87 

7.30  , 

161 

90 

58 

1.50 

6.09  1 

87 

118 

88 

2.01 

7.30 

177 

91 

72 

1.72  1 

7.14 

134 

90 

65 

1.46 

6.93 

95 

130 

155 

2.97 

8.00 

4«0 

72 

47 

1.32  j 

6.88 

62 

18 

10.8 

.29  1 

6.19  1 

3.1 

20| 


.18  I 


6.11 


Daily  gage  height,  in  feet,  of  Miller  Creek  near  LoreHa,  Oreg.,  for  1905. 


Day. 


Jan.  '  Feb. 


r 


1. 

2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
II. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28.' 
29. 
30. 
31.. 


6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3, 

6.3 

I 
6.3 

7.5  ' 

7.6 

7.7  I 
7.5, 
7.5 
7.5  ' 
7.9  I 

8.2  • 
7.9; 
7.9 

7.7 

7.7 1 
7.3 1 

7.5 
8.0 

8.3  ' 


7.0  I 


8.0 

8.2 

7.7 

7.3 

7.7 

7.0 

7.0 

7.0 

7.0 

6.9  I 

6.6  I 

6.5  , 

6.5 

6.4 

6.4 

6.4 

6.4 

6.4 

6.8 

7.2 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 


Mar. 

Apr. 

7.0 
8.0 
7.8 
7.6 
7.4 
7.2 
7.0 
6.9 
6.8 
6.8 
6.8 
6.6 
6.6 
6.5 
6.5 
6.6 
6.6 
6.6 
6.5 
6.5 
6.5 
6.4 
6.4 
6.4 
6.3 
6.3 
6.2 
6.2 
6.2 
6.2 


May. 

6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.2 
6.2 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.3 
6.3 
6.3 
6.3 
6.3 
6.2 
6.1 
6.0 
6.0 
6.0 
5.9 
6.1 
6.1 
6.2 
6.3 
6.2 
0.2 

June. 

6.2 
6.1 
6.1 
6.2 
6.2 
6.3 
6.3 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

7.2 

7.2 

7.3 

i""-"' 

1 

7.3 

"*l'" 

i 

7.3 

! 

7.2 

7.2 

7.2 

6.3 
6.3 
6.3 
6.3 
6.3 
6.2 
6.2 
6.2 
6.2 

1 

7.1 

•  6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 

7.1 





7.0 

1 

7.1 

7.1 

::::;:.[:::;:: 

6.8 

7.3 

:::::::i::::;:: 

7.3 

1 

7.3 

.  I 

7.4 

1 

7.4 

1 

7.1 

1 

7.3 

1 

7.3 

1 

7.2 

- 

6.0 

7.2 

6.1  '  6.0 

7.9 

6.0 
6,0 
6.0 

7.5 

:::::..!::::::; 

7.4 

7.4 

6.0 

7.2 

6.0 

7.2 

Note.— No  flow  June  17  to  December  31 


a  New  gage. 


Digitized  byVjOOQlC 


KLAMATH   RIVER   DRAINAGE    BASIN. 


241 


Station  rating  table  for  Miller  Creek  near  LoreUa,  Oreg.,from.  August  7,  1904^  to  December 

Sly  1905. 


Gage 
height. 

Dischaige. 

Gaee 
height. 

Discharge. 

Gaffe 
height. 

Discharge. 

hei^. 

1 

1  Discharge. 

Ffrt. 

Secondrfeet. 

1     Feet. 

Second-feet. 

Feet. 

Second^eet. 

1 

Feet. 

^Second-feet. 

6.00 

0 

1        6.80 

52    1 

7.60 

274 

'       8.40 

1             665 

6.10 

1.5 

6.90 

67 

7.70 

317 

i        8.50 

717 

6.20 

4 

1        7.00 

86    1 

7.80 

363 

8.60 

1             770 

6.30 

8 

7.10 

109 

7.90 

411 

'        ^70 

823 

6.4) 

13 

7.20 

135    1 

8.00 

400 

j        8.80 

876 

6.50 

20 

7.30 

163    : 
196    ! 
234 

8.10 

510 

1        8.90 

1             929 

6.60 

29 

7.40 

8.20 

561 

'        9.00 

1             982 

6.70 

30 

1        7.60 

a30 

613 

NoTi.— Th«  above  table  Is  based  on  13  discharge  measurements  made  during  1904-5.    It  is  well 
defined  between  gage  heights  6.1  feet  and  8  feet. 

Ettimaied  monthly  discharge  of  Miller  Creek  near  LoreUa^  Oreg.^  for  1904  and  1905. 


Month. 

Dischar 
Maximum. 

"ge  in  secom 
Minimum. 

.75 
.0 
1.5 
1.5 
1.5 

-feet. 
Mean. 

Total  in 
acre-feet. 

1904. 

.Vugust 

1.5 
1.5 
8 
8 
10.5 

1.3 
.2 
2.4 
3.7 
6.2 

79 

September 

12 

October 

148 

.November 

221 

December 

381 

The  period 

841 

1905. 
Jtnuary 

613 

561 

411 

460 

13 

8 

0 

0 

0 

0 

0 

0 

8 
13 
52 
4 
0 
0 
0 
0 
0 
0 
0 
0 

179 
138 
153 
71.0 
6.5 
3.0 
.0 

:: 

.0 
.0 
.0 

11,010 

February 

7,664 

March 

9,408 

April 

4,225 

May 

400 

June 

179 

July 

0 

AugUBt 

0 

September 

0 

October 

0 

November 

0 

December 

0 

Tlie  year 

613 

0 

46. 

32,K90 
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PREOIFITAnOK  AVD  BVAPORAnOK  DATA. 

Tlio  following  table  gives  the  total  precipitation  in  inches,  by  months,  and  abotbe  amnud 
totals: 


Keno,  Oreg. : 

1904 

1905 

Tulo  Lake,  Cal.: 
1901  


1905. 


Jan. 


2.08 


\.'25 


Horse  Fly,  near  I 
Lorella,  Oreg.:  ' 


Feb.    Mar. 


Apr.  I  May. 'June. 


1.91     2.30 


0.66  i  2.29  ,  a  15 


1.19     1.70 


■^"     0.30  j  2.62     0.30 


1904. 
1905. 


1.43  I  1.09     2.22  ,  0.28  ,  2.56      1.23 


July.    Aug.  I  Sept.  I  Oct.  ,  Nov.    Dec.    Annoal. 


0.00 

0.00     0.00 


0.00  '  0.00 


0.00 

0.00  '  0.00 


1.58  I  2.08     1.50     3.57    

0.75  I  0.72     1.30     2.23  14..^ 


I  I  '  ! 

0.92  ,  1.01     0.42      3.11    - 


0.42  1 1.25      0.93 


0.71  I  1.11      1.07      2.61    

0.32  I  0.32     0.83  '  2.41  12.W 


The  following  table  gives  the  total  evaporation  in  inches,  by  months,  at  Keno,  Oreg.: 


Year. 


Jan.     Feb.    Mar.    Apr.  ^  May.  June.,  July.   Aug.  Sept.    Oct.    Nov.    Dec.    Annual 


1904  . 
19a'>  . 


j 6.66  '  5.12  '  2.01  '  2,01 

1.19     0.78     0.7S     2.69     4.12     6.20     7.57     7.03  I  6. 15      1.98     0.46 


MI^C'EI^LANEOl  S  MEASFREMENTS  IX  XORTHERX  PACIFIC  OCKAN 
DRAINAGE  BASIX. 

Antelope  Creek  near  Mount  Hebron,  Cal. — This  creek  rises  on  the  eastern  slope  of  Mount 
Shasta.  It  is  tributary  to  Lower  Klamath  Lake,  although  its  waters  sink  before  reachii^ 
the  lake.     A  measurement  was  made  June  17  by  C.  T.  Darley,  12  miles  below  its  source. 

Width,  25.5  feet;  area,  37  .square  fe(»t:  mean  velocity,  3.03  feet  per  second;  discharge, 
1 12  .st^cond-feet . 

Another  measurement  was  made  Au^st  28  by  0.  T.  Darley  15  miles  below  its  source. 

Width,  13  feet;  an»ii,  9.4  scjuare  feet;  mean  vel(x*ity,  1.11  feet  per  second;  dischaige. 
10.4  sec(md-feet . 

Adams  ditch  near  MerrUL  Oreg.--T\\\^  canal  diverts  water  from  Whit«  Lake,  an  arm  of 
Lower  Klamath  Lake.  For  the  first  mile  this  canal  is  common  with  the  Van  Brimmer  canaJ. 
It  is  about  It)  miles  in  lontrth  and  is  used  for  the  irrigation  of  land  in  the  vicinity  of  Merrill, 
Oreg.  The  following  measurt^ments  wert^  made  during  1905  at  a  point  one  mile  below  the 
head  of  the  canal  and  300  feet  l)elow  the  point  where  the  Adams  and  Van  Brimmer  canals 
separate.  The  gage  n)d  is  a  1  by  4  inch  timber  divided  into  feet  and  hundredths.  There  is 
no  l)ench  mark. 

May  14:  Width,  30  fi'et;  area,  42  square  feet;  mean  velocity,  1.10  feet  per  second;  gage 
height,  1.73  feet:  discharge,  46  second-feet. 

May 21:  Width,  37.6  feet;  area,  47  square  feet;  mean  velocity,  1.13  feet  per  second; 
gage  height,  1.90  feet;  discharge,  53  second-feet. 

June  15:  Width,  37.5  feet;  area,  40  square  feet;  mean  vekx*ity,  1.28  feet  per  second; 
gage  height,  2.14  feet;  discharge,  51  .second-feet. 

July  22:  Width,  37.5  feet ;  area,  43  square  feet;  mean  velocity,  1.19  feet  per  second;  gage 
height,  2.22  feet;  discharge,  51  second-feet. 

August  24:  Width,  37.5  fc»et;  area,  36  square  feet;  mean  velocity,  1.03  feet  per  second; 
gage  height,  2.13  feet;  discharge,  37  second-feet. 

August  25:  Width,  36.7  feet;  area,  32  square  feet;  mean  velocity,  0.91  foot  per  second; 
gageheight,  2.00  feet;  area,  29  second-feet.  ^  j 
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August  25:  Width,  37.9  feet;  area,  39  square  feet:  mean  velocity,  1.05  feet  per  second; 
gige  height,  2.26  feet;  dischaiige,  41  second-feet. 

Ankeny  ditehy  station  No.  1,  near  Klamath  FaUs,  Oreg. — Ankeny  canal  diverts  water  from 
link  River  at  the  outlet  of  Upper  Klamath  Lake,  1 J  miles  above  the  town  of  Klamath  Falls, 
Greg.  The  water  from  this  canal  is  used  for  electric  power  and  irrigation  purposes  in  the 
vicinity  of  Klamath  Falls.  This  station  is  located  about  500  feet  above  point  of  diver- 
sion to  electric  power  plant.  Discharges  here  given  represent  the  amount  of  water  used  for 
both  electric  power  and  irrigation  purposes.  The  following  measurements  were  made  dur- 
ing 1905  by  C.  T.  Darley.: 

June  29:  Width,  17.4  feet;  area,21  square  feet;  mean  velocity,  2.71  feet  per  second;  gage 
height,  1.36  feet;  discharge,  57  second-feet. 

June  30:  Width,  17.4  feet;  area,  20  square  feet;  mean  velocity,  2.70  feet  per  second; 
gage  height,  1.34  feet;  dischai^,  54  second  feet. 

May  11:  Width,  17.5  feet;  area,  22  square  feet;  mean  velocity,  2.86  feet  per  second; 
gage  height,  1.39  feet;  discharge,  63  second-feet. 

June  29:  Width,  17.4  feet;  area,  21  square  feet;  mean  velocity,  2.52  feet  per  second; 
gage  height,  1.36  feet;  dischai^,  53  second-feet. 

Ankeny  canal  station  No.  2,  near  Klamath  Falls,  Oreg. — This  station  is  located  about  200 
feet  below  point  of  diversion  by  electric  power  plant.  Discharges  here  given  represent  the 
amount  of  water  used  for  irrigation  purposes. 

April  23:  Width,  13.5  feet;  area,  7.0  square  feet;  mean  velocity,  1.24  feet  per  second; 
gage  height,  1.28  feet;  discharge,  8.7  second-feet. 

May  2:  Width,  13.5  feet;  area,  13.1  square  feet;  mean  velocity,  2.21  feet  per  second; 
gage  height,  1.68  feet;  discharge,  29  second-feet. 

May  11:  Width,  13.5  feet;  area,  15  square  feet;  mean  velocity,  2.33  feet  per  second; 
gage  height,  1.80  feet;  discharge,  35  second-feet. 

Butte  Creek  near  Mount  Hebron^  Cal. — Butte  Creek  rises  on  the  eastern  slope  of  Mount 
Shasta.  It  is  tributary  to  Lower  Klamath  Lake  and  its  waters  sink  in  Butte  Valley  before 
iBaching  the  lake.  This  creek  discharges  over  fissured  lava  and  large  quantities  of  water 
are  lost  by  seepage.  That  portion  which  reaches  Butte  Valley  is  used  for  irrigation.  The 
following  measurements  were  made  during  1905  by  C.  T.  Darley,  IJ  miles  above  Boyce 
ranch  at  county  road  crossing. 

May  5:  Width,  15.5  feet;  area,  51  square  feet;  mean  velocity,  1.33  feet  per  second;  gage 
height,  3.77  feet;  dischai^,  68  second-feet. 

May  19:  Width,  15.9  feet;  area,  51  square  feet;  mean  velocity,  1.47  feet  per  second;  gage 
height,  3.95  feet;  discharge,  75  second-feet. 

June  16:  Width,  16  feet;  area,  48  square  feet;  mean  velocity,  1.08  feet  per  second;  gage 
height,  3.72  feet;  discharge,  52  second-feet. 

August  29:  Width,  14  feet;  area,  35  square  feet;  mean  velocity,  0.47  foot  per  second; 
gage  height,  3.00  feet;  discharge,  16.4  second-feet. 

November  23:  Width,  14  feet;  area,  36  square  feet;  mean  velocity,  0.23  foot  i>er  second; 
gage  height,  3.30  feet;  discharge,  8.1  second-feet. 

Bourne's  west  canal,  near  Bonanza,  Oreg. — This  canal  takes  water  fiom  Lost  River,  the 
water  being  raised  by  means  of  pumps  and  used  for  irrigation  in  the  vicinity  of  Bonanza, 
Oreg.  A  measurement  was  made  on  May  31  by  C.  T.  Darley  at  a  point  300  feet  below  head 
of  flume. 

Width,  9.5  feet;  area,  5.9  square  feet;  mean  velocity,  1.46  feet  per  second;  discharge,  8.6 
second-feet. 

Boards  ditch,  Poe  Valley,  Oreg. — This  ditch  diverts  water  from  Lost  River.  The  water  is 
niised  by  means  of  a  water  wheel  and  is  used  for  irrigation  in  the  vicinity  of  Olene,  Oreg.  A 
DMamirement  was  made  on  July  19  by  C.  T.  Darley  at  a  point  300  feet  below  head  of  canal. 

Width,  2  feet;  area,  1.56  square  feet;  mean  velocity,  0.22  foot  per  second;  discharge,  0.3 
second-foot. 
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Coyote  Creeky  Oreg. — Coyote  Creek  is  tributary  to  Sycan  marsh.  During  1905  disch&i^ 
measurements  were  made  by  Ivan  Landes  as  follows: 

March  15:  Width,  5.5  feet;  area,  4.7  square  feet;  mean  velocity,  0.89  foot  per  second: 
discharge,  4.2  second-feet. 

April  10:  Width,  6.0  feet;  area,  6.1  square  feet;  mean  velocity,  1.34  feet  per  second;  dis- 
charge, 8.2  second -feet. 

May  2:  Width,  6.0  feet;  area,  5.6  square  feet;  mean  velocity,  1.05  feet  per  second;  dis- 
charge, 5.9  second-feet. 

June  12:  Width,  5.0  feet ;  area,  3.4  square  feet;  mean  velocity,  0.50  foot  per  second;  dls- 
chai^e,  1.7  second-feet. 

July  31 :  Width,  1.4  feet;  area,  0.4  square  foot;  mean  velocity,  1.38  feet  per  second;  dis- 
charge, 0.6  second-foot. 

Crooked  Creek  near  Klamath  Agency j  Oreg. — This  stream  is  a  tributary  of  Wood  River.  A 
measurement  was  made  May  27  byC.  T.  Darley  at  the  bridge  1 J  miles  from  Klamath  Agenry, 
on  road  to  Fort  Klamath. 

Width,  24.8  feet;  area,  88  square  feet;  mean  velocity,  0.52  foot  per  second;  dischai^ge,  46 
second-feet. 

Cherry  Creek  near  Crystal,  Oreg. — This  stream  is  tributary  to  Upper  Klamath  Lake  from 
the  west.  A  measurement  was  made  on  May  25  by  C.  T.  Darley  at  road  crossing  between 
Pelican  Bay  and  Fort  Klamath. 

Width,  27  feet;  area,  25  square  feet;  mean  velocity,  1.28  feet  per  second;  dischai^ge,  32 
second-feet. 

Crane  Creek  near  Fort  Klamath,  Oreg. — Crane  Creek  is  a  tributary  to  Seven  Mile  Creek.  A 
measurement  was  made  on  May  25  by  C.  T.  Darley  at  the  bridge  on  wagon  road  between 
Fort  Klamath  and  Pelican  Bay,  Oreg. 

Width,  11.5  feet;  area,  20  square  feet;  mean  velocity,  0.54  foot  per  second;  discharge, 
10.7  second-feet. 

Cottonwood  Creek  near  BrowneUyCal. — Cottonwood  Creek  is  tributary  to  Lower  Klamath 
Lake  from  the  South.  The  following  measurements  were  made  during  1905,  1  mile  below 
its  source,  at  "F"  ranch,  Brownell: 

June  15:  Width,  19.5  feet;  area,  41  square  feet;  mean  velocity,  0.25  foot  per  second; 
dischai^e,  10.2  second-feet. 

August  30:  Width,  27.5  feet;  area,  24  square  feet;  mean  velocity,  0.53  foot  per  second; 
discharge,  12.6  second-feet. 

Doris  Creek  near  Picard,  Cal. — Doris  CYeek  is  tributary  to  Lower  Klamath  Lake  from  the 
southwest.     A  measurement  was  made  on  June  18  by  C.  T.  Darley  at  the  Doris  ranch. 

Width,  5.4  feet;  area,  4.9  square  feet;  mean  velocity,  1.24  feet  per  second;  dischai^,  6.1 
second-feet. 

Dirty  Creek,  Oregon. — Dirty  Creek  is  tributary  to  Sycan  marsh.  During  1905  discharge 
measurements  were  made  by  Ivan  Landes,  as  follows: 

March  15:  Width,  3.0  feet;  area,  1.4  square  feet;  mean  velocity,  0.98  foot  per  second; 
discharge,  1.4  second -feet. 

April  10:  Width,  3.0  feet;  area,  1.5  square  feet;  mean  velocity,  0.99  foot  per  second; 
discharge,  1.3  second-feet. 

May  2:  Width,  3.0  feet;  area,  1.4  square  feet;  mean  velocity,  1.0  foot  per  second;  dis- 
charge, 1.4  second-feet. 

Edson  Fonlks  ditch. — Tliis  ditch  is  in  Shasta  Valley.  A  measurement  was  made  at  head  of 
ditch  September  3,  1905,  by  L.  G.  Applegate. 

Width,  6.3  feet;  area,  G.3  square  feet;  mean  velocity,  1.75  feet  per  second;  dischaige,  11 
second-feet. 

Four  M  He  Creek,  Pelican  Bay,  Oregon. — Four  Mile  Creek  is  tributary  to  Upper  Klamath 
Lake  from  the  west .  lis  source  is  in  Four  Mile  Lake.  A  measurement  was  made  May  24  by 
C.  T.  Darley  at  road  crossing  between  Klamath  Falls  and  PeUcan  Bay. 
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Width,  50.5  feet;  area,  75  square  feet;  mean  velocity,  0.70  foot  per  second;  discharge,  53 
9econd-fe«t. 

Grasa  Valley  Creek  near  Lawden,  Cal. — Grass  Valley  Creek  is  tributary  to  Trinity  River. 
A  measurement  was  made  of  this  stream  August  26,  1905,  by  W,  B.  C^app  at  lower  wagon 
bridge  on  Buckhom  road  2}  miles  above  junction  of  creek  with  Trinity  River. 

Width,  19  feet;  area,  18.7  square  feet;  mean  velocity,  0.98  foot  per  second;  discharge, 
1S.4  aecond-feet. 

Griffith  canal  near  Olene,  Oreg. — ^This  canal  diverts  water  from  Lost  River.  The  water  is 
raised  by  means  of  a  water  wheel  and  used  for  irrigation  of  land  in  the  vicinity  of  Olene. 
The  following  measurements  were  made  during  1905  by  C.  T.  Darley  at  head  of  canal : 

June  2:  Width,  2  feet;  area,  1.4  square  feet;  mean  velocity,  1.29  feet  per  second;  dis- 
charge, 1  ^  second-feet. 

June  13:  Width,  2  feet;  area,  1.5  square  feet;  mean  velocity,  1.27  feet  per  second;  dis- 
charge, 1 .9  second-feefe. 

June  25:  Width,  2  feet;  area,  1.16  square  feet;  mean  velocity,  1.08  feet  per  second;  dis- 
rharge,  1^  second-feet. 

Heft  Springs  Creek  near  Klamath  Falls  y  Oreg. — Hot  Springs  Creek  rises  about  one-half  mile 
east  of  Klamath  Falls  and  dischaiges  into  Lower  Klamath  Lake.  A  measurement  was 
made  on  August  18  by  C.  T.  Darley  near  point  where  creek  crosses  county  road  east  of  Kla- 
math Falls,  Oreg. 

Width,  1.5  feet;  area,  0.36  square  foot;  mean  velocity,  0.94  foot  per  second;  discharge, 
4.4  second-feet. 

Horton  ditch  at  Poe  VdQey,  Oreg. — This  ditch  diverts  water  from  Lost  River,  which  is  used 
for  irrigation  on  the  south  side  of  the  river.  A  measurement  was  made  on  June  23  by  C.  T. 
Darley  at  a  point  one-fourth  of  a  mile  below  head  of  ditch. 

Width,  7.5  feet;  area,  7.4  square  feet;  mean  velocity,  0.59  foot  per  second ;  discharge,  4.4 
second-feet. 

Little  Shasta  River  at  Little  Shasta,  Cal. — A  measurement  of  this  stream  was  made  August 
29,  19a5,  by  M.  D.  Williams. 

Width,  9  feet;  area,  5.4  square  feet;  mean  velocity,  0.70  foot  per  second;  discharge,  3.8 
second-feet. 

Little  Shasta  Springs  at  Little  SheisUij  Cal. — A  measurement  was  made  August  29, 1905,  by 
M.  D.  Williams. 

Width,  9  feet;  area,  5.6  square  feet;  mean  velocity,  3.57  feet  per  second;  discharge,  20 
second-feet. 

Long  Creek f  Oreg. — Long  Creek  is  tributary  to  Sycan  Marsh.  During  1905  discharge 
measurements  were  made  by  Ivan  Landes  as  follows: 

Mareh  15:  Width,  22  feet;  area,  21.8  square  feet;  mean  velocity,  1.54  feet  per  second; 
discharge,  33.6  second-feet. 

April  10:  Width,  25  feet;  area,  36.9  square  feet;  mean  velocity,  1.48  feet  per  second; 
discharge,  54.6  second-feet. 

May  1:  Width,  26  feet;  area,  46.8  square  feet;  mean  velocity,  1.45  feet  per  second;  dis- 
charge, 68.1  second-feet. 

June  12:  Width,  25  feet;  area,  37.6  square  feet;  mean  velocity,  1.56  feet  per  second;  dis- 
charge, 58.6  second-feet. 

July  31 :  Width,  20  feet;  area,  10.8  square  feet;  mean  velocity,  1.72  feet  per  second;  dis- 
charge, 18.6  second-feet. 

Moss  Creek  near  Pelican  Bay,  Oregon. — Moss  CVeek  is  tributary  to  Upper  Klamath  Lake 
from  the  west.  A  measurement  was  made  on  May  23  by  C.  T.  Darley  at  road  crossing 
between  Pelican  Bay  and  Klamath  Falls,  Oreg. 

Width,  5.5  feet;  area,  3.3  square  feet;  mean  velocity,  0.76  foot  per  second;  discharge,  2.5 
second-feet. 

McCormick  mxU-race  canal  near  Keno,  Oreg. — This  canal  diverts  water  from  Klamath 
River  about  1  mile  below  Keno,  Oreg.    This  water  is  used  for  power  purposes  in  running  a 
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sawmill.    The  following  measurements  were  made  during  1905  by  C.  T.  Darley  at  a  point 
one-fourth  of  a  mile  below  head  of  canal: 

June  19:  Width,  17  feet;  area,  43  square  feet;  mean  velocity,  1.51  feet  per  second;  di»- 
chai^ge,  64  second-feet. 

August  31:  Width,  14,5  feet;  area,  25  square  feet;  mean  velocity,  2.12  feet  per  second; 
discharge,  53  second-feet. 

Moore's  power  canal  near  Klamath  FaUsy  Or  eg. — This  canal  diverts  water  from  the  head  of 
Link  River  and  is  used  for  power  purposes  in  running  a  sawmill.  The  following  measure- 
ment was  made  by  C.  T.  Darley  at  a  point  one-half  mile  below  he^d  of  canal: 

March  25:  Width,  9.9  feet;  area,  34  square  feet;^  mean  velocity,  3.03  feet  per  second: 
discharge,  103  second-feet. 

At  a  point  200  feet  above  Penstock  tlie  following  measurements  were  made: 

March  25:  Width,  9  feet;  area,  35  square  feet;  mean  velocity,  2.14  feet  per  second;  dis- 
charge, 75  second-feet. 

June  21 :  Width,  9.5  feet;  area,  34  square  feet;  mean  velocity,  1.74  feet  per  second;  dis- 
charge, 59  second-feet. 

June  21:  Width,  9.5  feet;  area,  34  square  feet;  mean  velocity,  1.56  feet  per  second;  dis- 
chai^e,  53  second-feet. 

Moore's  irrigation  canal  near  Klamath  Falls,  Oreg. — ^This  canal  diverts  water  from  the  head 
of  Link  River  at  same  point  at  which  water  is  diverted  for  Moore's  mill-race  canal  on  the 
west  bank.  This  water  is  used  for  power  purposes  in  running  sawmill  and  the  irrigation  of 
town  lots  in  the  west  addition  of  Klamath  Falls,  Oreg.  The  following  measurements  were 
made  during  1905  by  C.  T.  Darley  at  a  point  300  feet  below  head  of  canal.  These  measure- 
ments show  total  amount  of  water  used  for  power  and  irrigation  purposes  in  this  canal. 

March  25:  Width,  10  feet;  area,  15.8  square  feet;  mean  velocity,  0.82  foot  per  second; 
discharge,  12.9  second-feet. 

June  21:  Width,  12.4  feet;  area,  10.1  square  feet;  mean  velocity,  1.08  feet  per  second; 
discharge,  10.9  second-feet. 

Phillip's  wheel  canal  near  Spring  Lake,  Oregon. — This  canal  diverts  water  from  Lost  River 
a)x)ut  9  miles  above  Merrill,  Oreg.  The  water  is  raised  from  the  river  by  means  of  a  water 
wheel  and  is  used  for  irrigation  purposes.  The  following  measurements  were  made  during 
1905  by  C.  T.  Darley  at  a  point  in  flume  100  feet  below  point  of  diversion. 

June  13:  Width,  3  feet;  area,  1.2  square  feet;  mean  velocity,  1.00  foot  per  second;  dis- 
charge, 1.2  second-feet.  ^ 

July  25:  Width,  1.2  feet;  area,  0.1  square  foot;  discharge,  0.2  second-foot. 

Rock  Creek  near  Aspin  Lake,  Oregon. — ^ThLs  portion  of  Rock  Creek  is  tributary  to  Upper 
Klamath  Lake  and  has  its  source  in  Aspin  Lake.  A  measurement  was  made  on  May  23  by 
C.  T.  Darley  at  bridge  on  wagon  road  between  Klamath  l«'alls  and  Pelican  Bay. 

Width,  23.5  feet;  area,  16.9  square  feet;  mean  velocity,  0.57  foot  per  second;  dischaige, 
9.6  second-feet. 

Rock  Creek  at  Crystal,  Oreg. — Tliis  stream  is  tributary  to  Crystal  Creek  and  is  a  separate 
stream  from  the  Rock  Creek  which  discharges  from.  Aspin  Lake.  A  measurement  was 
made  on  May  24  by  C.  T.  Darley  at  bridge  on  wagon  road  between  Klamath  Falls  and 
Pelican  Bay. 

Width,  19  feet;  area,  8.9  square  feet;  mean  velocity,  0.66  foot  per  second;  dischaige,  5.9 
second-feet. 

Scott  River  near  Fort  Jones,  Co/.— Scott  River  is  tributary  to  Klamath  River.  A  meas- 
urement of  this  stream  was  made  August  29,  1905,  by  W.  B.  Clapp  500  feet  above  wagon 
bridge  on  main  road  from  Fort  Jones  io  Etna,  about  1  mile  west  from  Fort  Jones. 

Width,  27  feet:  area,  23  square  fe(»t;  mean  velocity,  1.17  feet  per  second;  discharge,  27 
second-feet. 

Seven  MUe  Creek  near  Fort  Klamath,  Oreg.— -This  creek  is  tributary  to  Upper  Klamath 
Lake  from  the  north.  A  measurement  wtis  made  on  May  25  by  C.  T.  Darley  at  bridge  on 
wagon  road  between  Fort  Klamath  and  Pelican  Bay. 
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Width,  33  feet;  area,  129  square  feet;  mean  velocity,  0.79  foot  per  second;  dischai^, 
102  second-feet. 

8ha9la  River  near  YreJcGf  Col. — Shasta  River  is  tributary  to  Klamath  River.  A  meas- 
urement of  this  stream  was  made  August  29,  1905,  by  W.  B.  Clapp  5  miles  northeast  of 
Yreka  and  500  feet  below  diversion  dam  of  the  Yreka  Light  and  Power  Company. 

Width,  11.5  feet;  area,  8.2  square  feet;  mean  velocity,  1.22  feet  per  second;  discharge, 
10  second-feet. 

There  was  on  this  date  107  second-feet  being  diverted  into  c^nal  500  feet  above  this 
point,  giving  a  total  discharge  of  117  second-feet  for  this  stream. 

Sheepy  Creik  Ttear  BrowneU,  Col. — This  creek  is  tributary  to  Lower  Klamath  Lake  from 
the  southwest.  The  following  measurements  were  made  during  1905  by  C.  T.  Darley  at  a 
point  2  miles  east  of  Doris  ranch,  at  wagon  bridge  near  rock  ford: 

May  18:  Width,  78  feet;  area,  226  square  feet;  mean  velocity,  0.12  foot  per  second; 
(Uachaige,  27  second-feet. 

June  18:  Width,  80  feet;  area,  218  square  feet;  mean  velocity,  0.12  foot  per  second; 
discharge,  27  second-feet. 

Sprague  River  near  Yainax,  Oreg. — Sprague  River  is  tributary  to  Williamson  River.  A 
measurement  was  made  on  February  22  by  C  T,  Darley  at  bridge  5  miles  below  Yainax 
Agency.  The  gage  is,  a  2  by  8  inch  plank  graduated  to  feet  and  tenths  and  nailed  in  a 
vertical  position  on  the  downstream  side  of  the  second  bent  from  the  south  end  of  the 
bridge.  The  bench  mark  is  a  2  by  4  inch  stake  driven  flush  with  the  ground  on  left  bank 
of  the  stream  in  line  with  upstream  side  of  the  bridge  and  distant  74  feet  from  end  of  bridge. 
The  zero  of  the  gage  is  21 .9  feet  below  the  bench  mark. 

Width,  133.2  feet;  area,  1,077  square  feet;  mean  velocity,  0.55  foot  per  second;  dis- 
charge, 589  second-feet;  gage  height,  14.10  feet. 

Spring  Creek  near  Fort  Klamaihy  Oreg. — This  creek  is  tributary  to  Williamson  River  from 
the  west.  A  measurement  was  made  on  August  13  by  J.  B.  Lippincott  and  W.  B.  Clapp 
at  a  point  200  feet  above  its  junction  with  Williamson  River. 

Width,  110  feet;  area,  195  square  feet;  mean  velocity,  1.86  feet  per  second;  dischaige, 
362  second-feet. 

Swingle  fiume  canal  near  LoreUa,  Oreg- -This  canal  diverts  water  from  Miller  Creek 
above  Lorella  Bridge.  The  water  is  used  for  irrigation  purpovses  in  the  vicinity  of  Lorella. 
A  measurement  was  made  on  June  2  by  C.  T.  Darley  in  small  flume  at  road  crossing  on 
Laogell  V^alley  and  Lorella  road. 

Width,  2  feet;  area,  1.0  square  foot;  mean  velocity,  0.20  foot  per  second;  discharge,  0.2 
second-foot. 

Three  MUe  Creek  near  Fort  Klamath,  Oreg. — This  creek  is  tributary  to  Upper  Klamath 
Lake  from  the  northwest.  A  measurement  was  made  on  May  25  by  C  T.  Darley  at  cross- 
ing of  wagon  road  between  Fort  Klamath  and  Pelican  Bay. 

Width,  13.2  feet;  area,  6.2  square  feet;  mean  velocity,  1.00  foot  per  second;  discharge, 
6.2  second-feet. 

Trinity  River  near  Lowden,  Col. — Trinity  River  is  tributary  to  Klamath  River.  A  meas- 
urement of  this  stream  was  made  August  26,  1905,  by  W.  B.  Clapp  from  a  temporary 
pontoon  bridge  1  mile  above  Lowden's  ranch  post-office  and  3  miles  below  Lewiston,  Cal 
A  permanent  county  highway  bridge  was  being  constructed  at  this  point. 

Width,  190  feet;  area,  468  square  feet;  mean  velocity,  0.50  foot  per  second;  discharge, 
233  second-feet. 

Vamey  Creek  near  Pelican  Bay,  Oregon.  -Vamey  Creek  is  tributary  to. Four  Mile  CYeek. 
A  measurement  was  made  May  24  by  C.  T.  Darley  at  road  crossing  l)etween  Pelican  Bay 
and  Klamath  Falls. 

Width,  9  feet;  area,  13  square  feet;  mean  velocity,  0.70  foot  per  second;  discharge,  9.1 
second-feet. 

Van  Brimmer  ditch,  south  branch,  station  No.  1,  near  MerriU,  Oreg. — ^This  canal  divert* 
water  from  Wliite  Lake,  an  arm  of  Lower  Klamath  Lake.     For  the  first  mile  this  canal  is 
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common  with  the  Adams  canal.  This  water  is  used  for  irrigation  in  the  vicinity  of  M^mD, 
Oreg.  The  following  measurements  were  made  on  this  branch  by  C.  T.  Darley  during  1905 
at  point  1  mile  below  the  head  of  canal  and  at  a  point  300  feet  below  where  Adams  and 
Van  Brimmer  canals  become  separate  and  distinct.  The  gage  rod  is  a  1  by  4  inch  indioed 
timber  graduated  tq  feet  and  hundredths  and  nailed  to  posts  set  firmly  in  the  bank  of  the 
canal.    There  is  no  bench  mark. 

May  14:  Width,  20  feet;  area,  23  square  feet;  mean  velocity,  1.04  feet  per  second;  gige, 
4.01  feet;  dischai^ge,  24  second-feet. 

May  21:  Width,  18  feet;  area,  17.2  square  feet;  mean  velocity,  1.22  feet  per  second 
gage,  3.78  feet;  discharge,  21  second-feet. 

June  14:  Width,  18.6  feet;  are-a,  16  square  feet;  mean  velocity,  1.28  feet  per  second 
gage,  3.92  feet;  discharge,  20  second-feet. 

July  22:  Width,  18.3  feet;  area,  13.9  square  feet;  mean  velocity,  0.83  foot  per  second 
gage,  3.84  feet;  discharge,  11.5  second-feet. 

August  24:  Width,  17.5  feet;  area,  10.4  square  feet;  mean  velocity,  0.72  foot  per  second 
gage,  3.72  feet;  discharge,  7.5  second-feet. 

August  24:  Width,  18.2  feet;  area,  12.3  square  feet;  mean  velocity,  0.80  foot  per  second 
gage,  3.85  feet;  discharge,  9.9  second-feet. 

August  25:  Width,  19.8  feet;  area,  17.9  square  feet;  mean  velocity,  0.91  foot  per  second 
gage,  4.12  feet;  discliarge,  16.3  second-feet. 

August  25:  Width,  16.5  feet;  area,  5.3  square  feet;  mean  velocity,  0.49  foot  per  second 
gage,  3.40  feet;  discharge,  2.6  second-feet. 

August  25:  Width,  17.0  feet;  area,  6.9  square  feet;  mean  velocity,  0.62  foot  per  second 
gage,  3.55  feet;  dischai^e,  4.3  second-feet. 

Van  Brimmer  diich,  north  branchy  station  No.  2,  near  MerriUy  Oreg. — ^This  canal  diverts 
water  from  White  Lake,  an  arm  of  Lower  Klamath  Lake.  For  the  first  mile  this  canal  is 
common  with  the  Adams  canal.  The  following  measurements  were  made  of  this  branch 
during  1905  by  C.  T.  Darley  at  a  point  1  mile  below  heading  and  300  feet  below  where  Adams 
and  Van  Brimmer  canals  become  separate  and  distinct.  The  gage  is  a  1  by  4  inch  timber 
graduated  to  tenths  and  half  tenths.  It  is  set  firmly  to  posts  driven  in  the  ground  on  the 
right  bank.    There  is  no  bench  mark. 

May  14:  Width,  13.8  feet;  area,  8  square  feet;  mean  velocity-j  0.75  foot  per  second;  gage, 
1.95  feet;  dischai^e,  6  second-feet. 

May  21:  Width,  14.3  feet;  area,  7.5  square  feet;  mean  velocity,  0.83  foot  per  second; 
gage,  1.99  feet;  discharge,  6.2  second-feet. 

June  15:  Width,  15.4  feet;  area,  7.4  square  feet;  mean  velocity,  1.03  feet  per  second 
gage,  2.21  feet;  dischai^ge,  7.6  second-feet. 

July  24:  Width,  16.5  feet;  area,  10.4  square  feet;  mean  velocity,  0.93  foot  per  second 
gage,  2.34  feet;  discharge  9.7  second-feet. 

July  24:  Width,  16.5  feet;  area,  10.2  square  feet;  me^n  velocity,  0.93  foot  per  second 
gage,  2.34  feet;  discharge,  9.5  second-feet. 

August  24:  Width,  15.5  feet;  area,  5.6  square  feet;  mean  velocity,  0.79  foot  per  second 
gage,  2.20  feet;  discharge,  4.6  second-feet. 

Willow  Creek  near  BrowneU,  Col. — Willow  Creek  is  tributary  to  Lower  Klamath  Lake 
from  the  south.  The  following  measurements  were  made  during  1905  at  bridge  on  Merrill 
and  Brownell  road  by  C.  T.  Darley: 

May  20:  Width,  20  feet;  area,  17.2  square  feet;  mean  velocity,  0.72  foot  per  second;  dis- 
charge, 12.,3  second-feet. 

June  15  Widtli,  35.5  feet;  area,  24  square  feet;  mean  velocity,  0.48  foot  per  second; 
discharge,  11.5  second-feet. 

August  30:  Width,  18  feet;  area,  13.9  square  feet;  mean  velocity,  0.70  foot  per  second; 
discharge,  9.7  se«ond-feet. 

November  23:  Width,  10  feet;  area,  12.6  square  feet;  mean  velocity,  0.87  foot  per  sec 
ond;  discharge,  11  second-feet. 
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Williamson  River  near  Klamath  Agency^  Oreg. — ^This  stream  is  tributary  to  Upper  Kla- 
math Lake  from  the  north.  The  following  measurements  were  made  during  1905  at  bridge 
on  county  road  between  Klamath  Falls  and  Fort  Klamath,  Oreg.: 

May  27:  Width,  175.8  feet';  area,  1,532  square  feet;  mean  velocity,  0.89  foot  per  second; 
dLschaxge,  1,371  second-feet. 

August  22:  Width,  176  feet;  area,  1 ,479  square  feet;  mean  velocity,  0.58  foot  per  second ; 
discharge,  858  second-feet. 

At  Chillaquin  Bridge  on  road  between  Klamath  Agency  and  Yainax  Agency,  November 
14:  Width,  40  feet;  area,  230 square  feet;  mean  velocity,  2.72  feet  per  second;  discharge, 
625  second-feet. 

Wood  River  near  Fort  Klamath ^  Oreg. — ^Wood  River  is  tributary  to  Upper  Klamath  Lake 
from  the  north.  The  following  measurements  were  made  during  1905  by  C.  T.  Darley  at 
bridge  on  county  road,  4  miles  below  Fort  Klamath,  Oreg. : 

May  27:  Width,  52.3  feet;  area, 297  square  feet;  mean  velocity,  1.54  feet  per  second; 
discharge,  458  second-feet. 

At  bridge  one-fourth  mile  below  Fort  Klamath,  Oreg.: 

August  22:  Width,  47.6  feet;  area,  166  square  feet;  mean  velocity,  1.60  feet  per  second; 
discharge,  266  second-feet. 

November  14:  Width,  49  feet;  area,  162  square  feet;  mean  velocity,  1.59  feet  per  second; 
discharge,  259  second-feet. 

December  10:  Width,  49  feet;  area,  162  square  feet;  mean  velocity,  1.69  feet  per  second; 
discharge,  274  second-feet. 

Yreka  Light  and  Power  Company^ s  canal  near  YreJca,CcU. — A  measurement  of  this  canaj 
WIS  made  August  29,  1905^  by  W.  B.  Clapp  from  footbridge  at  house  500  feet  below  con- 
crete diversion  dam  at  he^d  of  canal  and  distant  about  5  miles  northeast  from  Yreka. 
This  canal  diverts  water  from  Shasta  River. 

Width,  17.5  feet;  area,  36  square  feet;  mean  velocity,  2.97  feet  per  second;  discharge, 
107  second-feet. 

For  total  flow  of  Shasta  River  see  measurement  made  same  date  below  diversion  dam. 

UQOrE  RIVER  DRAINAGE  BA.SIN. 

BOOm  BIYBS  AT  GOLD  RAT,  OREO. 

This  station  was  established  August  30,  1905,  by  L.  R.  Allen.  It  is  located  at  Gold  Ray, 
Oreg.,  IJ  miles  below  Tolo  post-office,  just  below  the  Condor  Water  and  Power  Company's 
dam  and  bridge,  and  a  short  distance  below  the  mouth  of  Stewart  Creek. 

The  channel  is  straight  for  400  feet  above  and  300  feet  below  the  station.  The  current 
at  the  measuring  section  is  uniform.  Both  banks  are  high  and  rocky  and  are  covered  with 
a  light  growth  of  brush.  The  bed  of  the  stream  is  rocky,  somewhat  broken  in  places,  fne 
from  vegetation,  and  permanent.     There  is  but  one  channel  at  all  stages. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  line. 
The  initial  point  is  a  tag  on  the  tagged  wire,  6.2  feet  from  the  cable  support  on  the  left  bank. 

The  gage  is  a  vertical  staflF  bolted  to  concrete  pier  of  bridge  about  300  feet  above  the 
cable.  During  1905  the  gage  heights  were  furnished  by  the  Condor  Water  and  Power 
Company,  observations  being  taken  twice  each  day  by  C.  E.  Wertz.  The  bench  mark  is 
the  top  of  the  anchor  bolt  for  stay  line  on  the  right  bank.  This  bolt  is  well  wedged  in  solid 
nock;  elevation,  21.34  feet  above  the  datum  of  the  gage. 

IRK  177—06 17 
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Discharge  measuremenis  cf  Rogue  River  at  OM  Ray^  Oreg.^  in  1905. 


Date. 


August  30 . . . 
October  17... 
December  26. 


Hydrographer. 


L.  R.  AUen. 

....do 

....do 


Width. 

Feet. 
180 
180 
184 


Area  of 
section. 


Sq.ft. 
1,013 
1.023 
1,100 


Mean  Gage  Dis- 

veloclty.  I  heii^t.      charge. 


Ft.  per  sec. 
1.29 
1.18 
1.38 


Fttit. 
1.10 
1.20 
1.57 


I 


Sfc.-ft. 

1,3W 
1.210 
1,514 


Daily  gage  height  ^  in  feet  ^  of  Rogue  River  at  Gold  Ray,  Oreg.,for  1905. 


Day. 


1 
2 
3 
4 
5 
6 
7 
8, 
9 

10. 

11. 

12. 

13! 

14. 

15. 

16. 


Sept. 


Oct. 


1.2 

1.17 

1.15 

1.15 

1!17 

1.3 

1.45 

1.6 

1.35 

1.25 

1.2 

1.2 

1.2 

1.17 

1.2 

1.22 


Nov. 


1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 


Dec.    i( 


1.32  I 

1.3 

1.3 

1.27  I 

1.45 

1.32 

1.35 

1.35 

1.3 

1.3 

1.2 

1.2 

1.2 

1.3 

1.3 


Day 

Sept. 

17 

18 

1 
1      1.1 

19 

20 

1      1.1 

1      1.05 

21 

1      1.05 

22 

.   .        1.1 

23 

'      11 

1 

24 J       1.1 

25 

i       1.15 

2b 

1       1.15 

27 

..     .1        .7 

28 

!      1.3 

29 

1      1.2 

30 

1        1.2     1 

-        1 
31 1 1 

Oct.    I   Nov. 


Dw. 


1.25; 

1.22 

1.32 

1.25 

1.3 

1.4 

1.25 

1.3 

1.45 

1.25 

1.5 

1.47 

1.25 

1.3 

1.4 

1.25' 

1.25 

1.35 

1.2     ; 

1.25 

1.17 

1.2    1 

1.22 

1.25 

1.2    ! 

1.2 

1.32 

1.37  1 

1.2 

1.6 

1.35 

1.3 

1.82 

1.3    1 

1.3 

1.65 

1.35 

1.4    1 

1.5 

1.3 

^•^    1 

1.6 

1.22    . 

1 

1.S2 

UMPQUA   RIVER  DRAINAGE   BASIN. 
BOTJTH  FORK  OF  TTMFaUA  RIVEB  KEAS  BROCKWAT,  ORSO. 

This  station  was  established  December  6,  1905,  by  L.  R.  Allen.  It  is  Icxrated  just  below 
Winston's  highway  bridge,  3  miles  east  of  Brockway,  Oreg.,  and  3  miles  below  the  mouth 
of  Lookingglass  Creek. 

The  channel  is  straight  for  700  feet  above  and  below  the  station.  The  current  is  uniform, 
somewhat  broken  by  riffles  at  low  water.  Both  banks  are  high,  covered  with  brush,  and 
not  liable  to  overflow.  The  bed  of  the  stream  is  of  sand  and  gravel,  free  from  vegetation, 
and  shifting.     There  is  but  one  channel  at  all  stages. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  wire. 
The  initial  point  for  soundings  is  a  tin  tag  on  the  top  of  the  cable  support  at  the  right  bank. 

The  gage  is  a  staff  in  two  sections.  The  lower  section  is  inclined;  the  upper  section  is 
vertical.  During  1905  the  gage  was  read  once  each  day  by  George  Brosi.  The  bench 
mark  is  tlie  top  of  square-headed  iron  bolt  driven  into  the  downstream  end  of  sill  of  the 
bridge  at  the  left  bank;  elevation,  23.31  feet  above  the  datum  of  the  gage. 

Discharge  mexisurements  of  South  ForJcofUmpqua  River  near  Brockway^  Oreg.y  in  1905. 


Date. 


I 


December  28...    L.  R.  Allen 
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DaHy  gaqe  heiglUy  infeei,  of  South  Fork  of  Umpqua  River  near  Brochixty,  Oreg.y  for  1906. 


Day. 

Dec.' 

Day. 

Dec. 

2.3 

2.1 

1.4 

1.4 

1.35 

1.2 

1.15 

1         Day. 

Dec. 

1.1 

1.05 

1.05 

1.1 

1.45 

3.65 

3.3 

Day. 

Dec. 

2.65 

2.2 

1.85 

1.1     1 

2.65 

4.4 

4.1 

Day. 
29 

Dec. 

8 

16 

1  22 

3  4 

'.'.'.'.'.'.J 

-i  -, 

9 

16 

1        

23 

30    . 

4.35 

10 

11 

12 

13 

14 

1  17 

1  18 

19 

!  21 

24 

1  25 

31 

6.1 

26 

1  27 

7......... 

28 

SOBTH  FOBS  OF  TJHPaUA  RIVEB  NBAS  OAKGBSEK,  OREO. 

Tliis  station  wag  established  September  6, 1905,  by  L.  R.  Allen.  It  is  located  3  miles  west 
of  Oakcreek,  Oreg.,  1}  miles  above  J.  R.  Dixon's  farmhouse,  about  10  miles  below  the 
mouth  of  East  Fork  of  North  Fork  of  Umpqua  River. 

Tlie  channel  is  straight  for  a  half  mile  above  and  below  the  station.  The  current  is  swift. 
The  right  bank  is  low,  covered  with  brush,  and  liable  to  overflow  during  floods.  The  left 
bank  is  similar,  but  somewhat  higher,  and  not  as  apt  to  overflow.  The  bed  of  the  stream  is 
of  gravel  and  rock,  somewhat  broken,  free  from  vegetation,  and  shifting  during  floods. 
There  is  but  one  channel  at  all  stages.  Measurements  may  be  affected  by  uncertainties  of 
soundings  due  to  the  irregularities  of  the  bed  of  the  stream. 

Diachaige  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  wire. 
The  initial  point  for  soundings  is  a  tag  on  the  tagged  wire,  2  feet  from  the  cable  support  on 
the  right  bank. 

Two  gage  rods  were  installed — one  at  the  place  of  measurement  and  the  other  about  1 
mile  below.  The  lower  portion  of  both  rods  is  inclined,  and  the  upper  portion  is  vertical. 
During  1905  the  gage  was  read  once  each  day  by  Ethel  Dixon.  The  bepch  mark  at  the  lower 
gage  is  on  top  of  a  |-inch  bolt,  driven  into  sand  rock  about  50  feet  east  and  50  feet  south 
of  the  gage ;  elevation,  28.47  feet  above  the  datum  of  the  gage. 

Discharge  measurements  of  North  Fork  of  Umpqua  River  near  Odkcreeky  Oreg.,  in  1905. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gaee 
height. 

Feet. 
1.35 
2.10 
5.35 

Dis- 
charge. 

September  6... 

L.  R.  Allen 

Feet. 
215 
222 
279 

Sq.ft. 
457 
580 
1,447 

Ft.  per  sec. 
1.94 
2.45 
4.91 

Sec.-ft. 
886 

Oetobcrl9 

do 

1,419 
7,110 

December  27... 

do 
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Daily  gage  height,  in  feet,  of  North  Fork  of  Umpqua  River  near  Oakcreek,  Oreg.,  for  1906. 


Day. 

Sept. 

Oct. 

Nov. 

1.6 

1.6 

1.55 

1.5 

1.5 

1.45 

1.45 

1.45 

1.45 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.30 

Dec.    1 

Day. 

Sept. 

Oct. 

Nov. 

Dtc 

1 

1,6 

1.5 

1.4 

1.4 

1.4 

1.8 

2.3 

2.85 

2.1 

1.75 

1.65 

1.55 

1.5 

,.« 

1.65 
2.5 

2.6 
3.3 
3.35  '. 

17 

1.3 

1.3 

1.35 

1.35 

1.35 

1.35 

1.35 

1.3 

1.35 

1.4 

1.5 

1.65 

1.6 

1.5 

2.0 

2.2 

2.1 

1.8 

1.65 

1.7 

1.65 

1.6 

1.75 

2.75 

2.3 

2.0 

1.8 

1.7 

1.6 

1.4*1 

1.75 

1.9 

2.8 

2.2    1 

1.95 

1.8 

1.75  1 

1.65 

1.8 

2.7 

2.2    1 

2.2 

2.7 

2.6 

2 

18 

2.4 

3 

ifl 

16 

4 

\\  " 

3.7     1  20 

3.3        21 

3.1     '  22 

3.35   ;  23 

3.9    !    24 

17 

5 

3.1 

6 

1.35 

1.35 

1.35 

1.3 

1.35 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

18 

7 

15 

8 

14 

9 

3.1 

3.75 

2.6 

2.55 

2.5 

2.4 

2.35 

2.3    1 

26 

135 

10 

26 

G.25 

11 

27 

J.  35 

12 

28 

4.35 

13 

29 

3.6 

14 

30 

4.5 

15 

31 

4.3 

16 

SIL.ETZ    RIVER   DRAINAGE   BASIN. 
SnSTZ  &IVEB  AT  8ILETZ,  OSSO. 

This  station  was  established  November  25,  1905,  by  L.  R.  Allen.  It  is  located  at  Siletz, 
Oreg.,  about  1  mile  above  the  ferry  on  the  Siletz  and  Toledo  stage  road,  6  miles  below  the 
mouth  of  Rock  Creek. 

The  channel  is  straight  for  about  1,000  feet  above  and  400  feet  below  the  station.  Tbe 
current  is  swift  and  rough.  Both  banks  are  high  and  not  liable  to  overflow.  The  right 
bank  is  covered  with  brush;  the  left  bank  is  timbered.  The  bed  of  the  stream  is  of  coarse 
gravel  and  sand,  free  from  vegetation,  and  shifting.    There  is  but  one  channel  at  all  stages. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  wire. 
The  initial  point  for  soundings  is  a  tin  tag  on  the  tagged  wire,  about  4  feet  from  the  lower 
end  of  the  turn-buckle  on  the  right  bank. 

The  gage  is  in  two  sections  on  the  right  bank.  The  lower  section  is  inclined;  the  upper  is 
vertical.  During  1905  the  gage  was  read  once  each  day  by  John  Kentta.  The  bench  mart 
is  the  top  of  the  head  of  a  bolt  driven  into  a  large  alder  tree  on  the  right  bank,  about  100  feet 
above  the  cable:  elevation,  18.48  feet  above  the  datum  of  the  gage. 

Discharge  measurements  ofSHeiz  River  at  SiletZy  Oreg.,  in  1905. 


Date. 


November  26 . . 


Hydrographer. 


L.  R.  Allen. 


Width. 


Feet. 
157 


Area  of 
section. 


Mean 
velocity. 


Sq.  ft.    'Ft.  per  sec. 
394  '  2.95 


Gaee         Dis- 
ht.     charge. 


Feet. 
2.15 


Sec-ft. 
1.167 


Daily  gage  height,  in  feet,  of  Siletz  River  at  Siletz,  Oreg.,  for  1905. 


Day. 

Nov. 

Dec. 

1    9 

Nov.  1  Dec. 

-     -1 

1 
2.9 

Day. 

Nov. 

Dec. 

Day. 

Nov.   Dec 

1 

3.75 

4.2 

3.8 

3.3 

3.0 

3.7 

3.3 

3.1 

17     . 

7.8 
6.0 
5.3 
5.6 
4.9 
4.0 
3.9 
3.1 

I25 

1     .12 

2 

1  10 

1     2.6' 

18 

1  26 

2.1        7.5 

3 

,  11 

i     2.5! 

10 

|27 

2  0        5.2 

4 

'  12 

1    2.3  '   20     . 

1  ^' 

1  ^ 

2.0        <-3 

5 

1  13 

2.2  1'  21 ...   . 

1  29 

2.7        ^« 

« 

14 

'    2.1    1  22 

30.... 

3.2       4..1 

7 

1,5 

1 
1    2.0   1  23      . 

31 

5.7 

8 

1  16 

.     .         2.2   1  24 

i! 
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A.  Page. 

Acknowledgmenta  and  cooperation 12 

Acre-foot,  definition  of 4 

Adams  ditch  near — 

Merrill.  Oreg.: 

description 242 

discharge 242 

Adln,  Gal. 

Ash  Creek  at: 

description 144 

discharge 145 

discharge,  monthly 147 

ga^eheighta 146 

ratingtahle 146 

Rush  Creek  near: 

description 162 

discharge 152 

Willow  Creek  near: 

description 162 

discharge 162 

Alamltos  canal  at— 

Qalexico,Cal.: 

discharge 31 

discharge,  monthly 82 

gage  heights 81,32 

Alamo  channel  near— 

Rockwood,  Cal.: 

dlschaige 80 

gageheights 80 

Altaras,Cal. 

B.  Lauer  &  Son's  ditch  near: 

description 151 

discharge 161 

Fits  Hugh  Creek  near: 

description 151 

discharge 151 

Pine  Creek  near: 

description 151 

discharge 152 

AlTord,  Cal. 

Sanger  canal  at: 

description 70 

discharge 71 

gageheights 71 

American  River  near— 

Fairoaks,  Cal.: 

description 176 

discharge 176 

discbarge,  monthly 178 

gage  heights 177 

rating  table 177,178 

American  River,  North  and  Middle  forks, 
near— 

Anbom,  Cal. : 

description 179 

discharge 179 


Page. 
American  River,  Silver  and  South  forks, 
near — 
Slippery  Ford,  Cal.: 

description 179 

discharge 179 

American  River,  Sooth  Fork,  near— 
Placervllle,  Cal.: 

description 178 

discharge 178 

American  River  basin: 

description 175-176 

miscellaneous  measurements 178-179 

Ankeny  ditch  and  canal  near— 
Klamath  Falls,  Oreg.: 

description 243 

discharge ; 243 

Antelope  Creek  near- 
Mount  Hebron,  Cal.: 

description 242 

discharge 242 

Red  Bluff,  Cal.: 

description 132 

discharge 132 

Arrowhead  Springs,  Cal. 
East  Twin  Creek  near: 

description 103 

discharge 103 

Waterman  Canyon  (West  Twin  Creek) 
near: 

description .• 104 

discharge 104 

Arroyo  Seco  near- 
Pasadena,  Cal.: 

description 109 

discharge 109 

Soledad,  Cal.: 

description 123-124 

discharge 124 

discliarge,  monthly 126 

gage  heights 125 

ratingtable 126 

Ash  Creek  at  and  near— 
Adln,  Cal.: 

description 144 

discharge 145 

discharge,  monthly 147 

gage  heights 146 

rating  table 146 

Lone  Pine,  Cal.: 

description 84 

discharge 84 

Aspin  Lake,  Oreg. 
Rock  Creek  near: 

description y^. 246 

discharge i^^fi^fiAwGoOgl^^ 
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131 
131 


187 
188 
189 


106 
108 


132 
132 


Aobura.  Gal.  Fmge, 

American   RlTer.  North    and   Middle 
forlu,  near: 

description 179 

diflcharKC 179 

Axnsa,  Cal. 

San  Clabriel  River  and  canal«  C3ar. 

description... IM 

discharge 106,107 

discharge,  monthly 107 

gageheighte 106 

ratin^Uble 106 


B. 

Baird  Station.  Cal. 

Sacramento,  RiTer  at: 

description 

discharge , 

Bakersfield.  Cal. 

Keam  River  near: 

description , 

discharge 

discharge,  monthly 

Baldwin  ditch  near- 
El  Monte,  Cal.: 

description , 

di>tcharge 

Balls  Ferry,  Cal. 

Battle  Creek  near: 

description , 

discharge 

Mill  ditch  near: 

description , 

diwharge 

Banta  ditch  near- 
Los  Nietos,  Cal.: 

description )., 

discharge , 

Battle  Creek  near- 
Balls  Ferry,  Cal.: 

description , 

discharge , 

Bay  Counties  Power  Company  flume  near- 
Nevada  City.  C^l.: 

description 

discharge , 

Bear  Creek,  Culifomia: 

dcjwription , 

dijH-harge 

Bear  River  al>«ve  and  near — 
Wheatland,  Cal.: 

description , 

diHcharge 

discharge,  monthly 

gage  heights , 

rating  table 

Colfax,  Cal.: 

description , 

discharge 

Bear  River  basin: 

des*;ription 

miscellaneous  measurements , 

Beaver  Creek,  California: 

description 

discharge 


132 
132 


108  I 
108 


182 
132 


164 
164 


200 
200 


1G5 
166 
167 
166 
167 

168 

168 

166 

168 

222 
222 


Beckwith,  CaL  Pi«( 

Grixzly  Creek  near: 

description 159 

discharge IS 

Bieber.  Cal. 

Pit  River  near: 

description IK 

discharge l^ 

discharge,  monthly l) 

gage  heights la 

latlDgUble lo» 

Big  Creek,  California: 

description iv'^ 

discbarge W 

Big  Pine,  Cal. 

Big  Pine  Cieek  near: 

description T* 

discharge 7J 

disc tiarge.  monthly >0 

gagebeigbts 7? 

latingtable * 

Clear  Creek  near: 

description M 

discharge »< 

Pish  Springs  near 

description * 

discharge s5 

Big  Pine  and  Owens  River  canal  near— 

Bishop.  Cal.: 

description ® 

discharge ® 

gagebeigbts 70 

Big  Pine  Creek  near- 
Big  Pine,  Cal.: 

description «*> 

discharge ^ 

discharge,  monthly * 

gagebeigbts ^ 

latinguble * 

Big  Tejunga  Creek  near— 

Sunland,  Cal.: 

description 1* 

discharge 1» 

Birch  Creek  near- 
Bishop,  Cal.: 

description ^ 

discharge ^ 

Tinemaha,  Cal.: 

description * 

discharge ^^ 

gageheights ^ 

Bishop,  Cal. 

A.  O.  Collins  canal  near: 

description ^ 

discharge ^ 

gagebeigbts ^ 

Big  Pine  and  Owens  River  canal  netr 

description ^ 

discharge ^ 

gagebeigbts ^ 

Birch  Creek  near: 

description ^ 

discharge ^ 

Bishop  Creek  near: 

des<-riptlon *•' 

discharge ® 
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Bishop,  Cal.— Continued.  Pa«re. 

Bishop  Creeek  near— Continued. 

dl^harge,  monthly 66 

gage  heights 63, 64 

rating  table 64 

Bishop  Creek  canal  near: 

description 58 

discharge 59 

gage  heights 69 

^  Dell  canal  near: 

de«;ription 68 

discharge 68 

gageheighL«< 68 

Farmers'  canal  near: 

description 59 

discharge 60 

gage  height** 60 

George  Collins  canal  near: 

description '. 61 

dijKharge.... 62 

gage  heightH 62 

McGee  Creek  near: 

dewriptlon 86 

dL«*chargc 86 

McNally  canal  near: 

dejvription 61 

discharge 61 

g»ge  heights 61 

North  Hillside  canal  near: 

description 78 

discharge 78 

gage  heights 78 

Owens  River  canal  near: 

description 57 

discharge 57 

gage  heights 57, 58 

Powers  canal  near: 

des«cription 76 

di^harge 77 

gage  heights 77 

Rawson  canal  near: 

description 65 

discharge 65 

gage  heights 65,66 

South  Hillside  canal  near: 

description 77 

discharge 77 

gage  heights 77 

Bishop  Creek  near- 
Bishop,  Cal.: 

description 62 

discharge 63 

discharge,  monthly 65 

gage  heights 63, 64 

rating  table 64 

Bishop  Creek  canal  near- 
Bishop,  Cal.: 

description 58 

discharge 59 

gage  heights 59 

Blue  Canyon  Creek,  California: 

description 200 

dl^c  h  arge .  1 200 

Boards  ditch,  Poe  Valley,  Oregon: 

description 243 

discharge 243 


Bonanza,  Oreg.  Page. 

Bowne's  west  oanal  near: 

description 243 

discharge 243 

Boulder  Creek,  California: 

description 198 

discharge 198 

Boundary  canal  near— 
Calexlco,  Cal.: 

discharge 35 

discharge,  monthly 35 

gage  heights 36 

Bowne's  west  canal  near- 
Bonanza,  Oreg. : 

description 243 

discharge 243 

Bridal  Veil  Creek  in— 

Yoseraito  Valley,  California: 

description 209 

discharge 209 

Brockway,  Oreg. 

I'mpqua  River,  South  Fork,  near: 

description 250 

discharge 250 

gage  heights 251 

Brownell,  Cal. 

Cottonwood  Creek  near: 

description 244 

discharge 244 

Sheepy  Creek  near: 

description 247 

discharge 247 

Willow  Creek  near: 

description 248 

discharge 248 

Bubbs  Creek,  California: 

description 199 

discharge 199 

Butte  Cieck  near- 
Mount  Hebron,  Cal.: 

description 243 

discharge 243 

C. 

Cable  Canyon  Creek  near— 
Glen  Helen,  Cal.: 

description 102 

discharge 102 

Cable  station,  figure  showing 8 

Cache'Creek  at  and  near- 
Lower  Lake,  Cal.: 

description 169 

discharge 170 

discharge,  monthly 172 

gage  heights 171 

rating  table 171 

Yolo,  Cal.: 

descrl  ption 172 

discharge 173 

discharge,  monthly 174 

gage  heights 173 

rating  table 174 

Cache  Creek  basin: 

description ir)8 

miscellaneous  measurements I7s-179 
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Calaba«^^,  Cal.  Page. 

Malibu  Creek  near: 

description Ill 

discharge Ill 

discharge,  monthly 113 

gage  heights 112 

Trlunfo  Creek  near: 

description 113 

discharge 1 114 

discharge,  monthly 116 

gage  heights 114 

C^ilexico,  Cal. 

Alamito8  canal  at: 

discharge 8l 

diJK^harge,  monthly 32 

gage  heights 81 ,  32 

Boundary  canal  near: 

discharge 35 

discharge,  monthly 35 

gage  heights 36 

Hemlock  canal  near: 

discharge 28 

db<chnrgc,  monthly 29 

gage  heights 28, 29 

Holt  canal  near: 

discharge 20 

discharge,  monthly 27 

gage  heights 26, 27 

Main  canal  near: 

<lischarge 33 

discharge,  m<)nthly 34 

gage  heights 33, 34 

New  Holt  canal  near: 

discharge,  monthly 28 

New  River  near: 

discharge 30 

gngo  heights 30 

Wisteria  canal  near: 

discharge 36 

discharge,  monthly 37 

gage  heights 36, 37 

California,  southern: 

Miscellaneous  measurements 126 

California-Mexico  Land  and  Cattle  Com- 
pany's flume  near— 

Mcxicala,  Cal.: 

description 41 

discharge,  monthly 4\ 

Calpella,  Cal.: 

Russian  River  at: 

description 226 

discharge 225 

Camulos,  Cal. 

Camulos  ditch  near: 

description 115 

discharge 116 

Santa  Clara  River  near: 

description H7 

discharge 117 

Canals  below  Yuma,  Ariz.,  measurements 

of lM-42 

Canby.  Cal. 

Pit  River  near: 

description 134 

discharge 134 

discharge,  monthly 136 

gage  heights 185 

rating  table ^'^ 


Capay  ditch  at—  Page 

Capay,  Cal,: 

description 175 

discharge ITTt 

Cascade  Creek  in— 

Yosemite  Valley,  California: ' 

description 2D9 

discharge 209 

Cate  ditch  near- 
El  Monte,  Cal.: 

description IW 

discharge It* 

Centerville,  Cal. 

Valley  C-oun ties  Power  Company*8  canal 
near: 

description 1S3 

discharge 13S 

Cherry  Creek  near- 
Crystal,  Oreg.: 

description 244 

discharge 244 

Cherry  River,  California: 

description 216 

d  ischarge 216 

Chino  Creek  near- 
Rineon,  Cal.: 

descri  ption 102 

discharge 102 

Citrus,  Cal. 

Kast  Side  canal  near: 

description 7i 

discharge 72 

gage  heights "J^ 

Owens  River  near: 

description "4 

discharge '^ 

discharge,  monthly 76 

gage  heights 75 

rating  table 76 

Stevens  canal  near: 

description 73 

discharge 73 

gage  height** 71 

City  Creek  near- 
Highlands,  Cal.: 

description , .      102 

discharge 102 

Clavcy  River,  California: 

descri{»tion 216 

discharge 216 

Clear  Creek  neiir— 
Big  Pine,  Cal.: 

description 84 

discharge 84 

Stella,  Cal.: 

description 181 

discharge 131 

Clear  Lake  at— 
Lakeiiort,  Cal.: 

description 168 

evaporation 169 

Cle*ir  Lake,  Cal. 
I>ost  River  near: 

description 233 

d  Isc  h  arge 233 

discharge,  monthly 236 

gageheights 234 

™"°»  ^h^UmGOGg\e •  •  •     234 
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Clemen  t«,  Cal.  Page. 

Mokelumne  River  near: 

description 223 

discharge 223 

diiicharge,  monthly 225 

gage  heights 224 

ratingtoble 224 

Clover  Creek  near— 
Upper  Lake,  Cal.: 

description 176 

discharge 175 

Clover  Creek  and  ditch  at— 
Millville.  Cal.: 

de^ription -. 132 

discharge 132 

Oole  Creek  atr- 

Kelseyvllle,  Cal.: 

description 175 

discharge •    176 

Colfax,  Cal. 

Bear  River  near: 

description 168 

discharge 168 

Green  Horn  River  near: 

description 168 

discharge 168 

South  Yuba  Mining  Company's  ditch 
near: 

description 168 

discharge 168 

Collins,  A.  O.,  canal  near — 
Bishop,  Cal.: 

description 66 

discharge 67 

gage  heights 67 

Collins,  George,  canal  near- 
Bishop,  Cal.: 

description 61 

discharge 62 

gage  heights 62 

Colorado  River,  diversion  of,  by  Imperial 

Canal,  measurement  of 24 

Colorado  River  at  and  below— 
Yuma,  Ariz.: 

description 13 

discharge 14-16 

discharge,  monthly 16 

gage  heights 14, 15, 17 

Heading  No.  3  of  Imperial  Canal: 

description 17 

discharge 18 

gage  heights 18 

Colorado  River  basin: 

mificellaneous  measurements  in 42 

Colorado  Valley  Pumping  and  Irrigation 
Company's  canal  at— 
Yuma,  Ariz.: 

description 18 

discharge 19 

Computation,  methods  of 10-12 

roles  for 4 

Converae  Creek,  California: 

description. 198 

discharge 198 

Cooperation  and  acknowledgments 12 

Copper  City,  Cal. 
Pit  River  near: 

description 132 

discharge 132 


I  Copper  City,  Cal.— Continued.  Page. 

I         Squaw  Creek  near: 

description 132 

i  discharge 132 

I  Copper  Creek,  California: 

I         description 199 

I         discharge 199 

Corporation  ditch  near- 
Likely,  Cal.: 

description 151 

discharge 151 

Cottonwood  Creek  near— 
Brownell,  Cal.: 

description 244 

discharge 244 

Jamul.  Cal.: 

description 126 

discharge 126 

gage  height '. 126 

Lakeview,  Dreg.: 

description 151 

discharge 161 

Olancha,  Cal.: 

description 85 

discharge 85 

gage  heights 86 

Cottonwood  Creek,  North  and  Middle  forks, 
near- 
Gas  Point,  Cal.: 

description 131,132 

discharge 181,132 

Covelo,  Cal. 

Middle  Eel  River  at: 

description 226 

discharge 1 226 

Cow  Creek  at  and  near— 
Millville,  Cal.: 

description 132 

discharge 132 

Palocedro,  Cal.: 

description 132 

discharge 132 

Coyote  Creek,  Oregon: 

description 244 

discharge 244 

Crane  Creek  near- 
Fort  Klamath,  Oreg.: 

description 244 

discharge 244 

Crescent  Mills,  Cal. 
Indian  Creek  near: 

description 159 

discharge 159 

Crooked  Creek  near— 

Klamath  Agency,  Oreg.: 

description 244 

discharge 244 

Crown  Creek,  California: 

description 200 

discharge 200 

I  Crystal,  Oreg. 

I         Cherry  Creek  near: 

description 214 

!  dischargi 244 

I  Rock  Creek  ul: 

description .46 

discharge. . .". 246 

Current  meters,  classes  of *.         8 

methods  of  using . ..ized b^.\jj.OQQl.^ 8-10 
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INDEX, 


1 


Page. 
Curves    for  area,   dischargee,    and    mean 

velocity,  figure  showing 11 

D. 
Davis  ditch  near— 
Downieville,  Cal.: 

description 165 

discbarge 165 

Deer  Creek  nea^- 
Vina,  Cal.: 

description 133 

discharge 133 

Dell  canal  near- 
Bishop,  Cal.: 

description 68 

discharge 68 

gage  heights 68 

Devil  Canyon  near- 

Irvington  Station,  Cal.: 

description 102 

discharge 108 

Dinkey  Creek,  California: 

description 200 

discharge 200 

Dirty  Creek,  Oregon: 

description....: 244 

discharge 244 

Division  Creek  near- 
Independence,  Cal.: 

description 85 

discharge 85 

Doris  Creek  near— 
Picard,  Cal.: 

description 244 

discharge 244 

Dougherty  Creek,  California: 

description 200 

discharge 200 

Downieville,  Cal. 
Davis  ditch  near: 

description 165 

discharge 165 

Wheeler  flume  near: 

description 164 

discharge 164 

Yuba  River,  East  Fork  of  North  Fork,  at: 

description 165 

discharge 165 

Yuba  River,  Nork  Fork,  at: 

description 16.'^ 

discharge 16.*» 

Yuba  River,  North  Fork  of  North  Fork, 
at  and  near: 

description 164, 165 

discharge 164, 1(5 

Drainage  basins,  list  of 2-3 

Duke's  ditch  near- 
Ukely,  Cal.:      . 

description 151 

discharge 151 

Duty  of  water  in  Imperial  Valley 40 

E. 
East  Highlands.  Cal. 
Plunge  Creek  near: 

description 103 

discharge 103 


East  Side  canal  near—  Bigf. 

Citrus,  Cal.: 

description 71 

discharge 72 

gage  heights 72 

East  Twin  Creek  near- 
Arrowhead  Springs,  Cal.: 

description 108 

discharge 108 

Edson  Foulks  ditch,  Shasta  Valley: 

description 2« 

discharge 244 

Eel  River  at— 

Laytonville,Cal.: 

description 2» 

discharge 226 

Eel  River  basin: 

miscellaneous  measurements 22^2as 

Eight  Mile  Creek  near- 
Independence,  Cal.: 

description ^ 

discharge ^^ 

El  Dorado  ditch  below- 
Slippery  Ford,  Cal.: 

description 179 

discharge 1^ 

El  Monte,  Cal. 

Baldwin  ditch  near: 

description 10" 

discharge l**^ 

Cate  ditch  near: 

description 1* 

discharge 1* 

Ranch i to  or  Standerford  ditch  near: 

description 1*< 

discharge 1** 

Rincon  ditch  near: 

description I* 

discharge 1<* 

Rio  Hondo  near: 

description 1*^ 

discharge ^* 

San  Gabriel  River  near: 

description l** 

discharge ^* 

Sheep  Creek  ditch  near: 

description l^P 

discharge ^^ 

Eleanor  Creek,  California: 

description 216 

discharge *-'* 

Equivalents,  table  of ^ 

Esperanza,  Cal. 

Piru  Land  and  Water  Company's  upper 
diversion  near: 

description l^*' 

discharge *'^ 


Fairoaks,  Cal. 

American  River  near: 

description ^[^ 

discharge ^'^ 

discharge,  monthly ^^ 

gage  heights ^'J 

rating  table 1'^.^''' 
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Page. 
Falls  Creek.  California: 

detcriptioD 216 

diicfaaige 216 

Farmers'  canal  Dear- 
Bishop,  Cal.: 

description 59 

diivharffe 60 

gage  heights 60 

Santa  Paala,  Cal.: 

description 116 

discharge 116 

Yuma,Ari2.: 

description 19 

discharge 19 

Feather  River  at— 
Oroville,  Cal.: 

description 156-166 

discbarge 156 

discharge,  monthly 168 

gage  heigh  ts 157 

rating  table 158 

Prattville,  Cal.: 

description 159 

discharge 159 

Feather  River,  Middle  Fork,  atr- 
Uohawk  Valley,  Cal.: 

description 159 

discharge .., 169 

Feather  River  basin: 

description 156 

misoellaneous  measurements 169 

Fernando,  Cal. 

Pacoima  Creek  near: 

description HO 

discharge 110 

Fish  Creek,  California: 

description 186 

discharge 186 

Fiih  Springs  near- 
Big  Pine,  Cal.: 

description 86 

discharge 85 

Fits  Hugh  Creek  near— 
Altaras,Cal.: 

descri  ption 161 

discharge 151 

Floats,  use  of,  in  measuring  discharge 7-8 

Pbrt  Klamath,  Oreg. 
Crane  Creek  near: 

description 244 

discharge 244 

Seven-Mile  Creek  near: 

description 246 

discharge 247 

Spring  Creek  near: 

description 247 

discharge 247 

Three  Mile  Creek  near: 

description 247 

discharge 247 

Wood  River  near: 

description 249 

discharge 249 

Port  Jones,  Cal. 
Scott  River  near: 

description 246 

discharge 246 


Page. 
Four  Mile  Creek,  Pelican  Bay,  Oregon: 

description 244 

discharge 246 

Fruto,  Cal. 

Stony  Creek  basin: 

description 153 

discharge 163 

discharge,  monthly 156 

gage  heights 154 

ratingtable 164 

G. 

Gaging  stations,  equipment  of 7-8 

Ganstad's  ditch  near- 
Likely,  Cal.: 

description 161 

discharge 151 

Gas  Point,  Cal. 

Cottonwood  Creek,  North  and  Middle 
forks,  near: 

description 131,132 

discharge 131, 182 

Georges  Creek  near- 
Independence,  Cal. — 

description 85 

discbarge 86 

Glen  Helen,  Cal. 

Cable  Canyon  Creek  near: 

description 102 

discharge 102 

Goddard  Creek,  California: 

description 199 

discharge 200 

Gold  Ray,  Oreg. 
Rogue  River  at: 

description 249 

discharge 250 

gage  heights 250 

Gooch's  ditch  near- 
Lookout,  Cal.: 

description 151 

discharge 151 

Goodale  Creek  near— 
Tibbetts,  Cal.: 

description 85 

discharge 86 

Goodyears  bar,  California. 

Yuba  River,  North  Fork,  near: 

description 164 

discharge 164 

Granite  Creek,  California: 

description 199 

discharge 199 

Grass  Valley  Creek  near— 
Lowden,  Cal.: 

description » . .      245 

discharge 246 

Green  Horn  River  near- 
Col  fax,  Cal.: 

description 16ft 

discharge 168 

Grees  ditch  near- 
Santa  Paula.  Cal.: 

description 116 

discharge.. .^..^,.^.^.^g.^^^^^    lie 
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Pa«e. 
Qregrory,  Cal. 

McCloud  River  near: 

description 147 

discharge 148 

discharge,  monthly 150 

gage  heights 148 

rating  table 149 

Sacramento  River  at: 

description 181 

discharge 181 

Griffith  canal  near— 
Olene,  Oreg.: 

description 246 

discharge 245 

Qriswald  Creek,  California: 

description 222 

discharge 222 

Grizzly  Creek  near— 
Beckwith,  Cal.: 

description 159 

discharge 159 

Ouenoc,  Cal. 

Puta  Creek  near: 

description 180 

dischai^e '. 180 

discharge,  monthly 182 

gage  heights 181 

rating  table 182 

H. 

Heading  No.  3  of  Imperial  Canal. 
Colorado  River  below: 

description 17 

discharge 18 

gage  heights 18 

Hearst,  Cal. 

South  Eel  River  at: 

description 225 

discharge ^ 225 

Hemlock  Canal  near— 
Calexico.  Cal.: 

discharge 28 

discharge,  monthly 29 

gage  heights 28,29 

Hemdon,  Cal. 

Bin  Joaquin  River  at: 

description 184 

gage  heights 186 

Hetch  Hetehy,  Cal. 
Tuolumne  River  at: 

description 216 

discharge 216 

Highlands,  Cal. 
City  Creek  near: 

description 102 

d  ischargo 102 

Holt  Canal  near— 
Calexico,  C^l.: 

discharge 26 

discharge,  monthly 27 

gage  heights 26,27 

Home  Camp  Creek,  California: 

deseription 185 

dl^eharjfe 186 

Horse  Fly,  near  Lorella,  Oreg.,  precipita- 
tion at 242 

Horseshoe  Creek,  Callfomla: 

description 199 

discharge 199 


Horton  ditch  at— 
Poe  Valley,  Oreg.: 

description MS 

discharge 245 

Hot  Springs  Creek  near— 
Klamath  FbXU,  Oreg.: 

description ats 

disohaige 245 

Hotel  Creek,  California: 

description 19B 

discharge m 

Hydrographic  surveys,  annual  appropria- 

tionsfor i 

organization  and  scope  of 1-3 


I. 


Ice-covered  streams,  methods  of  measuring 

flow  of 10 

Imperial,  Cal. 

McKim  flume  near: 

description 40 

discharge,  monthly 41 

rainfall  recordsat 41 

Tamarack  canal  near: 

discharge w 

dLschaxge,  monthly 38 

gageheights 38 

Imperial  canal  below — 

Quail  River  cut-ofT,  Mexico: 

discharge 42 

Imperial  canal  in- 
United  States  and  Mexico: 

description 20-2S 

discharge 23,24 

discharge,  monthly 25 

Imperial  Valley: 

duty  of  water  in 40 

lands  irrigated  in 40 

soil  of,  tests  of '. 40,41 

Imperial  Valley  canals: 

description 25 

di.««harge 26,28,80,31,33,35,36,38,39 

discharge,  monthly 27-29,82,84,86,37,38 

gageheights 27, 29, 82, 34, 37, » 

Indei>endence,  Cal. 
Division  Creek  near: 

description 85 

discliarge 85 

Eight  Mile  Creek  near: 

dest^ription 85 

discharge 86 

Georges  Creek  near: 

description 85 

discharge f6 

Independence  Creek  near: 

description 81 

discharge 82 

discharge,  monthly 88 

gage  heights 82 

rating  table 83 

Moffett  Creek  near: 

description 86 

discharge 86 

Oak  Creek  near: 

description 83 

d  \  sc  harge iZ 

gage  he^P^lby  >Jf  V.V^gAV.....  84 
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Independence,  Cal.— Continaed.  Page. 

Shepherds  Creek  near: 

description 86 

distcbar^ 86 

Independence  Creek  near— 
Independence,  Cal.: 

description 81 

dischari^e 82 

discharge,  monthly 83 

gageheight« 82 

rating  Uble 88 

Indian  Creek  near— 
CreKentMUls,  Cal.: 

description 169 

discharge 159 

Irrigation  in  Imperial  Valley,  amount  of  . .       40 
Irrington  Stetion,  Cal. 
DerU  Canyon  near: 

de«cription 102 

discharge lOS 

Iry,  Cal. 

Pit  RiTer,  South  Fork,  near: 

description 189 

diaciiarge 140 

J. 

Jamol,  Cal. 

Cottonwood  Creek  near: 

description 126 

discharge 126 

gageheights 126 


K. 


Kaweah  River  below— 
Three  Rivers.  Cal.: 

description 192 

discharge 198 

discharge,  monthly _..      194 

gageheighU 198 

rating  table 194 

Kaweah  River,  East  Fork,  at— 

Mount    Whitney    Power    Company's 
power  house,  California: 

description 195 

discharge 195 

Kaweah  River,  Middle  Fork,  in— 
Sequoia  National  Park,  Cal.: 

description 194 

discharge 194 

Kaweah  River,  North  and  South  forks, 
near- 
Three  Rivers,  Cal.: 

description * 194,195 

discharge 194,196 

Kaweah  River  basin: 

description 192 

miscellaneous  measurements 194-195 

Kelsey  Creek  near— 
Kelseyville,  Cal.: 

description 175 

discharge 175 

Kelseyville,  Cal. 
Cole  Creek  at: 

descriotion 175 

discharge 175 


Keno,  Oreg.  Page. 

McCormick  mill-race  canal  near: 

description 245 

discharge 246 

Klamath  River  at: 

description 229 

discharge 230 

discharge,  monthly 231 

gage  heights 230 

'    ratingtable 231 

precipitation 242 

evaporation 242 

Kern  River  near— 
Bakersfleld,  Cal.: 

description 187 

discharge 188 

discharge,  monthly 189 

Kern  River  basin: 

description 187 

King  Creek,  California: 

description 186 

discharge...^ 186 

Kings  River  near— 
•     Sanger,  Cal.: 

description 196 

discharge 196 

discbarge,  monthly 198 

gageheights 197 

ratingtable 197 

Kings   River,  Middle,  North,  and  South 
forks,  California: 

description 198,199,200 

discharge 198,199,200 

Kings  River  basin: 

description 196 

miscellaneous  measurements 198-200 

Klamath  Agency,  Oreg. 
Crooked  Creek  near: 

description 244 

discharge 244 

Williamson  River  near: 

description 249 

discharge 249 

Klamath  Falls,  Oreg. 

Ankeny  ditch  and  canal  near: 

description 243 

discbarge 243 

Hot  Springs  Creek  near: 

description 245 

discharge 246 

Link  River  at: 

description 226 

discharge 227 

discharge,  monthly 229 

gageheights 228 

ratingtable 228 

Moore's  irrigation  and   power  canals 
near: 

description 246 

discharge 246 

Klamath  River  at— 
Ken6,  Oreg. 

description 229 

discharge 2*) 

discharge,  monthly 231 

gage  heights 230 

ratingtable 231 
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Knights  Ferry,  Cal.  Page. 

Stanislaus  River  at: 

description 217-218 

discharge 218 

discharge,  monthly 220 

gage  heights 219 

ratingtable 219 

Stanislaus  Water  Company's  d^tch  at: 

description 220 

discharge 221 

gage  heights 221 

ratingtable 222 

L. 

Lagrange,  Cal. 

Mining  ditch  near: 

description 217 

discharge 217 

Modesto  canal  at: 

description 212-218 

discharge w 213 

gage  heights 213 

ratingtable 214» 

Tuolumne  River  at: 

description 209-210 

discharge 210 

discbarge,  monthly 212 

gageheighte 211 

ratingtable 212 

Turlock  canal  at: 

description 214 

discharge 214 

gage  heights 215 

ratingtable  215 

Lakeside,  Cal. 

San  Diego  River  near: 

description 126 

discharge 127 

Lakeview,  Oreg. 

Cottonwood  Creek  near: 

description 151 

discharge 151 

Lauer,  E.,  &  Son's  ditch  near— 

Alturas,  Cal.: 

description 151 

discharge 151 

Laurel  Creek,  California: 

description 200 

discharge 200 

Laytonville,  Cal. 

Eel,  Middle  Eel,  and  South  Eel  rivere  at: 

description 226 

discharge 226 

Lewis  Creek,  California: 

description 198 

discharge 198 

Lightning  Creek,  California: 

description 198 

discharge 198 

Likely,  Cal. 

Corporation  ditch  near: 

description 151 

discbarge 151 

Duke's  ditch  near: 

description 151 

discharge 151 


Likely,  Cal.— Continued.  Page. 

Ganstad'8  ditch  near: 

description 151 

discharge 151 

Van  Loam's  ditch  near: 

description ifia 

discharge ...     IM 

West  Valley  Creek  near: 

description wo 

dlschaige 141,14S 

discharge,  monthly m 

gageheighte 142 

Link  River  atr- 

Klamath  Falls,  Oreg.: 

description 226 

discharge 227 

discharge,  monthly 229 

gageheights 228 

ratingtable 228 

Little  Cow  Creek  near—  , 

Palocedro,  Cal.: 

description 132 

discharge 1S2 

Little  Shasta  River  and  Springs  at^ 
Little  Shasta,  Cal.: 

description 246 

discharge 245 

Little  Tejunga  Creek  near— 
Sunland,  Cal.: 

description lio 

discharge iio 

Lone  Pine,  Cal. 
Ash  Creek  near: 

description 84 

discharge 84 

Lone  Pine  Creek  near: 

description 85 

discharge 88 

Tuttle  Creek  near: 

description 86 

discharge 86 

Lone  Pine  Creek  near- 
Lone  Pine,  Cal.: 

description 85 

discharge , 86 

Long  Creek,  Oregon: 

description 245 

discharge 246 

Lookout,  Cal. 

Gooch's  ditch  near: 

description 151 

d  ischarge 161 

Lookout,  Cal. 
Pit  River,  at: 

description 152 

discharge IK 

Lorella,  Oreg. 

Mill«r  Creek  near: 

description 2S9 

discharge 240 

di<<charge,  monthly 241 

gage  heights 240 

ratingtable Ml 

Swingle  flume  canal  near: 

description 247 

discharge 247 

precipitation  near 242 
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Lo6  Angeles  River,  at—  Page. 

Los  Angeles,  Cal.: 

dedcription 110 

discharge 110 

Lm  ADgeles  River  basin: 

deflcription 109 

miscellaneouB  measurements 109-110 

Ix»  Nietos  ditch  near^ 
LosNietos,  Cal.: 

description 108 

discharge 108 

Lost  River  near- 
Clear  Lake,  Cal.: 

description 233 

discharge 283 

discharge,  monthly 235 

gage  heights 234 

rating  table 234 

Merrill,  Oreg.: 

description 236 

discbarge 236 

discharge,  monthly 238 

gage  heights 237 

ratingtable 237 

Lowden,  Cal. 

Grass  Valley  Creek  near: 

description 245 

discharge 245 

Trinity  River  near: 

description 247 

discharge 247 

Lower  Lake,  Cal. 
Oache  Creek  at: 

description 169 

discharge 170 

discharge,  monthly 172 

gage  heights 171 

ratingtable 171 

Lady  canal  near- 
Yoma,  Ariz.: 

description 19-20 

discharge ! 20 

gage  heights 20 

Lytle  Creek  near— 
Rialto,  Cal.: 

description 103 

discharge 103 

M. 

McCloud  River  near- 
Gregory,  Cal.: 

description 147 

discharge 148 

discharge,  monthly 150 

gage  heights 148 

rating  table 149 

McCormick  mill-race  canal  near— 
Keno,  Oreg.: 

description 215 

discharge 246 

McGee  Creek  near- 
Bishop,  CaL: 

description 86 

discharge 86 

McKim  flume  near- 
Imperial,  Cal.: 

description 40 

discharge,  monthly 41 


McNally  canal  near—  Page. 

Bishop,  Cal.: 

description .- 61 

discharge 61 

gage  heights 61 

Main  canal  near— 

Calexico,  Cal.: 

discharge 33 

discharge,  monthly 34 

gage  heights 33, 34 

Malibu  Creek  near— 

Calabasas,  Cal. : 

description Ill 

discharge Ill 

discharge,  monthly 118 

gage  heights 112 

Malibu  Creek  basin. 

description Ill 

Marble  Fork  in— 

Sequoia  National  Park,  Cal.: 

description 194 

discharge 194 

Mentone,  CaL 

Mill  Creek  near: 

description 103 

discharge 103 

Morton  Canyon  Creek  near: 

description 103 

discharge 103 

Redlands  tunnel  near: 

description 103 

d  ischarge 103 

Santa  Ana  River  near: 

description 94-95 

discharge 95,98 

discharge,  monthly 98 

gage  heights 98 

ratingtable 96,97 

Merced  Falls,  Cal. 

Merced  River  above: 

description 203 

discharge 203 

discharge,  monthly 206 

gage  heights 204 

ratingtable 204 

Merced  River  in — 

Yosemite  Valley,  California: 

description 201 

discharge v 201 

dwcharge,  monthly 203 

gage  heights 202 

ratingtable 202 

Merced  River  basin. 

description 200 

miscellaneous  measurements 209 

Merrill,  Oreg. 

Adams  ditch  near: 

description 242 

discharge  •. 242. 

Lost  River  near: 

description 236 

discharge 236 

discharge,  monthly 238 

gage  heights 237 

rating  tabic 237 

Tule  Lake  near: 

description 238 

gage  heights. . .  DrgiT.feac^  GoOgfe® 
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Merrill,  Oreg.— Continued.  Page. 

Van  Brimmer  ditch  near: 

description 247,248 

discharge 248  i 

Merrill  ville,Cal. 
Willow  Creek  at: 

description 46 

discharge,  monthly 47 

gage  heights 46 

rating  table 46 

Methods  of  computing  run-off 10-11 

of  measuring  stream  flow 6-10 

Mexicala,  Cal. 

California-Mexico    Land    and    Cattle 
Company's  flume  near: 

description 41 

discharge,  monthly 41 

Middle  Creek  near- 
Upper  Lake,  Cal.: 

description 175 

discharge 175 

Middle  Eel  River  at— 
Covelo,  Cal.: 

description 226 

discharge 226 

Laytonville,  Cal.: 

description 226 

discharge 226 

Middle  Fork,  etc.    .Ser  name  of  ritfr. 
Mill  Creek  near- 
Men  tone,  Cal.: 

description 103 

discharge 103 

l^hama,  Cal.:  i 

description 132 

discharge 133 

Mill  ditch  near- 
Balls  Ferry,  Cal.: 

description 132 

discharge 132 

Miller  Creek  near— 
Lorella,  Oreg. : 

description 239 

discharge 240 

discharge,  monthly 241 

gage  heights 240 

rating  table 241 

Millrace  canal  near— 
Tehama,  Cal.: 

description 133 

discharge 133 

Millville,  Cal. 

Clover  Creek  and  ditch  at: 

descri  ption 132 

discharge 132 

Cow  Creek  at: 

description .*. 132 

discharge 132 

Miner's  inch,  definition  of 3 

Aining  company's  flume  near- 
Sierra  City,  Cal.: 

description 165 

discharge 165 

Modesto  canal  at— 
Lagrange,  Cal.: 

description 212-213 

discharge 213 

gage  heights 213 

rating  table 214 


Moffett  Creek  near—  Pig>e. 

Independence,  Cal.: 

description 8$ 

discharge 86 

Mohave  River  at— 
Victorville.  Cal.: 

description 87 

discharge S\90 

discharge,  monthly 90 

gageheights 89 

Mohave  River  basin: 

description 87 

Mohawk  Creek  near- 
New  Mohawk,  Cal.: 

description 159 

discharge 15© 

Mohawk  Valley,  Cal. 

Feather  River,  Middle  Fork,  at: 

description 159 

discharge 159 

Mokelumne  River  near- 
Clements,  Cal.: 

description 22* 

discharge 223 

discharge,  monthly 225 

gageheights 224 

ratlngtable 234 

Mokelumne  River  basin: 

description 223 

Mono  Creek,  California: 

description 186 

discharge 186 

Moore's  ditch  near- 
Woodland,  Cal.: 

description 175 

discharge 175 

Moore's  irrigation  and  power  canals  near— 
Klamath  Falls,  Oreg.: 

dcf4cription 246 

discharge 246 

Morton  Canyon  Creek  near- 
Men  tone,  Cal.:  • 

description 103 

discharge 108 

Moss  Creek  near- 
Pelican  Bay,  Oregon: 

description 245 

discharge. 245 

Mount  Hebron,  Cal. 
Antelope  Creek  near: 

description 242 

discharge 242 

Butte  Creek  near: 

description 243 

d  ischargc 243 

Mount  Whitney  PowerCompauiy'sfluraeat- 
Sequoia  National  Park,  Cal.: 

description 195 

discharge 195 

Mount  Whitney  Power  Company's  power 
house,  California. 
Kaweah  River,  Ea.st  Fork,  at: 

description 196 

discharge 195 

Mugler  Creek.  California: 

description 186 

discharge 186 

Multiple-point  method  of  measuring  dis- 
charge, description  of 9 
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N. 

Page. 
Kerada  City,  Cal. 

Bay  Counties  Power   Company  flume 
near: 

description IM 

diacharge 164 

Yuba  River,  Middle  Fork,  near: 

description 164 

discharge 1&4 

New  Holt  canal  near— 
Calexico,  Cal.: 

dischanre,  monthly 28 

New  Mohawk.  Cal. 

Mohawk  Creek  near:. 

desicripUon 159 

discharge 159 

New  River  near— 
Calexico.  Cal.: 

discharge 80 

gage  heights 80 

North  Fork,  etc.    See  name  of  river. 
North  Hillside  canal  near- 
Bishop,  Cal.: 

description 78 

discharge 78 

gmge  heights 78 

O. 
Oak  Creek  near- 
Independence,  Cal.: 

descripUon 83 

diH>harge 83 

gage  heights 84 

Oakcreek,  Greg. 

Umpqua  River,  North  Fork,  near: 

description 

discharge 

gage  heights 

Olancha,  Cal. 

Cottonwood  Creek  near: 

description 

discharge 

gage  heights 

Olene.  Oreg. 

Griffith  Canal  near: 

description 

dLvharge 

OrovUle.  Cal. 

Feather  River  at: 

dencription 

discharge 

diftcharge,  monthly 

gage  heights 

rating  table 

Owens  River  near- 
Citrus.  Cal.: 

description 

di^harge 

discharge,  monthly 

gage  heights 

rating  table 

Round  Valley,  Cal.: 

description 

discharge 

discharge,  monthly 

gage  heights 

rating  table 


21.') 
215 


251 
251 
252 


85 
85 
85 


'5-150 

i:)H 
157 

15S 


74 

75 
76 
75 


50 
5(> 
52 
51 
52  t 


IRR  177—06 18 


Owens  River  basin:  Page. 

description 49 

miscellaneous  m^'iusurements  in. 84-86 

Owens  River  Canal  near- 
Bishop,  Cal.: 

description 57 

discharge 57 

gage  heights 57,58 

P. 

Pacific  Ocean  drainage,  northern: 

miscellaneous  measurements 242-249 

Pacoimn  Creek  near- 
Fernando,  Cal.: 

description 110 

discharge 110 

Pala,  Cal. 

San  Luis  Rey  River  near: 

de^cription 91 

discharge 92 

discharge,  monthly 93 

gage  heights 92 

Palocedro,  Cal. 

Cow  Creek  near: 

description 132 

discharge 132 

Little  (-ow  Creek  near: 

desi'ription 132 

discharge 132 

Parrotts  Ferry,  Cal. 

Stanislaus  River  at: 

description 222 

dif^charge 222 

Pasadena,  Cal. 

Arroyo  S.Ho,  Cal.: 

description 109 

discharge 109 

Pelican  Bay,  Oregon. 

Moss  Creek  near: 

description 245 

discharge 245 

Varney  Creek  near: 

description 247 

discharge 247 

Phillip's  wheel  canal  near — 

Hpring  I^ke,  Orcg. 

description 246 

discharge 2 16 

Pi  card,  Cal. 

Doris  Creek  near: 

dcs<'rii»ti«>ii 'J44 

di.schaim- 244 

Hue  Creek  near— 

Alturus,  Cul.: 

d«s4ription 151 

(liv<  hu rjic 1 52 

Round  Valh-y,  Cal.: 

dcMriptioii 55 

dlscharpe 55 

discharge,  niitnthly 57 

gjige  hci^'hts 56 

ru  t  i  n  g  tH  1  >  1  c 56 

Piru  City,  Cal. 

Pirn  Cnn^k  near: 

dcs<Tii)tinii 116 

discharge 11 
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Pirn  Land  and  Water  Company's  upper       Page, 
diversion  near — 
Esperanza,  Cal.: 

description 116 

dif*chargc 116 

Pit  River  at  and  near— 
Bieber,  Cal.: 

description 136 

discharge 137 

discharge,  monthly 13^ 

gage  heights 138 

rating  table 138 

Canby,  Cal.: 

description 134 

dL«*chRrge 131 

discharge,  monthly 136 

gage  heights • 135 

rating  table 135 

Copper  City,  Cal.: 

description 132 

discharge 182 

Lookout.  Cal.: 

description 152 

discharge 152 

Pit  River,  South  Fork,  near- 
Ivy.  Cal.: 

description 189 

discharge 140 

Pit  River  basin: 

description 133 

miscellaneous  measurements 151-152 

Pitman  Creek,  California: 

description 185 

discharge 186 

Placervllle,  Cal.: 

American  River,  South  Fork,  near- 
description 178 

discharge 178 

Plunge  Creek,  near- 
East  Highlands,  Cal.: 

description 103 

dischargfe 103 

Poe  Valley,  Oreg, 
Horton  ditch  at: 

description 245 

dLscharge 246 

Portersville,  Cal. 
Tule  River,  near: 

description 189 

discharge 190 

discharge,  monthly 191 

gage  heights 190 

rating  table 191 

Powers  canal  near- 
Bishop,  Cal.: 

dewription 76 

discharge 77 

gage  heights 77 

Prattvjlle,  Cal. 

Feather  River  at — 

description 159 

di.»5chai^e 159 

Pre«»ton.  Cal. 

Rus>iiun  River  at — 

description 225 

dLi^harge 225 


Puta  Creek  at  and  near—  P*ge 

Ouenoc,  Cal.: 

description IflO 

di-scharge UO 

discharge,  monthly m 

gage  heights ifl 

ratingtable 1«! 

Winters,  Cal.: 

description 182-lJfl 

discharge IS 

gage  heights 183 

Puta  Creek  basin: 

deflcription 179 

Q. 

Quail  River  cut-off,  Mexico. 
Imperial  canal  below: 

discharge 12 

R. 

Rainfall,  record  of,  at— 

Imperial,  Cal 41 

Keno,  Lorella,  and  Tule  Lake. Oreg 242 

Rancheria  Creek,  California: 

description 216 

discharge 216 

Rancheria  Creek  and  North  Fork,  Califor- 
nia: 

description 200 

discharge 200 

Ranchito  ditch  near- 
El  Monte,  Cal.: 

description Ift 

discharge 108 

Rating  curves,  methods  of  constructing 10-11 

Rating  tables,  methods  of  constructing lO-U 

Rawson  canal  near- 
Bishop,  Cal.: 

description 66 

discharge 6& 

gage  heights 65,66 

Red  Bluff,  Cal. 

Antelope  Creek  near: 

description 182 

discharge 132 

Sacramento  River  near: 

description 128 

discharge 129 

discharge,  monthly 130 

gageheights 129 

ratingtable 130 

Redlands,  Cal. 

Santa  Ana  River  near: 

description 108 

discharge - lOS 

Redlands  tunnel  near— 
Mentone,  Cal.: 

description 108 

discharge 103 

Reds  Creek,  California: 

description 1* 

diwliarge 1* 

Rialto,  Cal. 

Lytle  Creek  near: 

desc'ription H® 

discharge : IW 
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Ribbon  Falls  Creek  In—  Page. 

Yosemite  Valley,  California: 

description 209 

diflcbarare , 209 

Rincon.  Cal. 

Cbino  Creek  near: 

description 102 

dLv;harge 102 

Santa  Ana  River  near: 

description 108 

diflcharge 108 

gage  height 108 

Rincon  ditch  near- 
El  Monte,  Cal.: 

description 108 

discharge 106 

Rio  Hondo  near — 
El  Monte.  Cal.: 

description 108 

discharge ^ 108 

Roaring  River,  California: 

description 199 

discharge 199 

Rock  Creek  at  and  near — 
Aspin  Lake,  Oregon: 

description 216 

discharge 246 

Crsrstal.  Oreg.: 

description 246 

discharge 246 

Round  Valley,  Cal.: 

description 62 

discharge 53,54 

discharge,  monthly 54 

gage  heights 53 

Rockwood,  Cat. 

Alamo  channel  near: 

discharge 80 

gage  heights 80 

Rogne  River,  at— 
Gold  Ray,  Oreg.: 

description 249 

discharge 250 

gage  heights 250 

Round  Valley,  Cal. 
Pine  Creek  near: 

description 55 

discharge 56 

discharge,  monthly 57 

gage  heights 56 

rating  table f»6 

Owens  River  near: 

description 50 

discharge 60 

dischaige,  monthly 52 

gage  heights 51 

rating  table 5*2 

Rock  Creek  near: 

description 52 

discharge 53,54 

discharge,  monthly 54 

gage  heights 53 

Rales  for  computation .' 4-5 

Rnn-off,  olflce  methods  of  computing,  in 

inches,  definition  of 10-12 


Rush  Creek  near—  Page. 

Adin,  Cal.: 

description 152 

discharge 162 

Russian  River,  East  Fork,  near— 
Ukiah,  Cal.: 

description 225 

discharge 225 

Russian  River  basin: 

miscellaneous  measurements 225 

8. 

Sacramento,  Cal. 

Sacramento  River  at: 

gage  heights 181 

Sacramento  River  at  and  near- 
Gregory  (Baird  Station),  Cal.: 

description 131 

discharge 131 

Red  Bluff,  Cal.: 

description 1*28 

discharge 129 

discharge,  monthly 130 

gage  heights 129 

ratingtable 130 

Sacramento,  Cal.: 

gage  heights 131 

Sacramento  River  basin: 

description 127 

miscellaneous  measurements 127 

Salinas  River  basin: 

description 123 

Salton  sea,  discharge  into,  amount  of 39 

San  Diego  River  near- 
Lakeside,  Cal.: 

description 126 

discharge 127 

San  Francisquito  Creek  near— 
Saugus.Cal.: 

description 1 16 

discharge 116 

San  Gabriel  River  near- 
El  Monte,  Cal.: 

description 108 

dL<K;harge 108 

San  Gabriel  River  and  canals  near— 
Azusa,  Cal.: 

description 104 

discharge 106, 107 

discharge,  monthly 107 

gage  heights 105 

rating  table 106 

San  Gabriel  River  basin: 

description 104 

miscellaneous  measurements 108 

San  Joaquin  River: 

description 184 

miscellaneous  measurements 185-187 

San  Joaquin  River  at— 
Herndon,  Cal.: 

description i;>4 

gage  heights 185 

San  Joaquin  power  house,  Califomia: 

description 187 

discharge 187 
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San  Joaquin  River,  Middle  Fork,  Call-       Page, 
fomia: 

description 186 

discharge 186 

San  Joaquin  River,  North  Fork,  California: 

description 186 

discharge v 186 

San  Joaquin  River,  South  Fork,  California: 

description 186 

discKarge 186 

San  Luis  Rey  River  near— 
Pala,  Cal.: 

description 91 

discharge 92 

discharge,  monthly 93 

gage  heights 92 

San  Luis  Rey  River  basin: 

description 91 

San  Pasqual,  Cal. 

Santa  Ysabel  River  near: 

description 127 

discharge 127 

gage  heights 127 

Sanger,  Cal. 

Kings  River  near: 

description 196 

discharge 196 

discharge,  monthly 198 

gageheights 197 

rating  table 197 

Sanger  canal  at^ 
Alvord,  Cal.: 

description 70 

discharge 71 

gage  heights 71 

Santa  Ana  River,  Cal. 
Canals  from: 

discharge 102 

Santa  Ana  River  near- 
Men  tone.  Cal.: 

description 94-96 

discharge 95,98 

discharge,  monthly 98 

gage  heights 96 

rating  table 96,97 

Redland»,  Cal.: 

description 103 

discharge 103 

Rincon,  Cnl.: 

description 103 

d  ischarge 103 

gage  heights 103 

Santa  Ana  River  basin: 

description 94 

miscellaneous  measurements 102-104 

seepage  measurements 99 

Santa  Anita  Creek  near- 
Sierra  Madrc,  Cal.: 

description 108 

discharge 108 

Santa  Barbara,  Cal. 

Santa  Ynez  River  near: 

description 117-118 

discharge,  monthly 119 

gage  height*! 118 

rating  table 119 


Santa  Clara  River  near—  Pftge. 

Camulos,  Cal.: 

description ii: 

discharge ^ 117 

Santa  Paula,  Cal.: 

description 117 

discharge 117 

Saticoy,  Cal.: 

description 117 

dischaiige 117 

Saugus,  Cal.: 

description l!7 

discharge 117 

Santa  Clara  River  basin: 

description 115 

miscellaneous  measurements 115-117 

Santa  Clara  Water  and   Irrigation  Com- 
pany's canal  near— 

Saticoy,  Cal.: 

description  1 117 

discharge 117 

Santa  Maria,  Cal. 

Santa  Maria  River  near: 

description UD 

dischai^e 121 

discharge,  monthly 128 

gageheights m 

rating  table l?2 

Santa  Maria  River  basin: 

description 120 

Santa  Paula,  Cal. 

Farmers'  canal  near: 

description 116 

discharge 116 

Grees  ditch  near: 

description ll« 

discharge 116 

Santa  Clara  River  near: 

description 117 

discharge 117 

Santa  Paula  Creek  near: 

description 116 

discharge U6 

Santa  Ynez  River  near- 
Santa  Barbara,  Cal.: 

description 117,118 

discharge,  monthly IW 

gage  heights 118 

rating  table IW 

Santa  Y'nez  River  basin: 

description H' 

Santa  Ysabel  River  near- 
San  Pasqual,  Cal.: 

description 127 

discharge 127 

gageheights 127 

Saticoy,  Cal. 

Santa  Clara  River  near: 

description H^ 

discharge J^' 

Santa  Clara  Water  and  Irrigation  Com- 
pany's canal  near: 

description 1^' 

discharge l^^ 
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Satifni".  Cal.  Page, 

i^an  FraneiMiuito  Creek  near: 

dei«cription 116 

dfjicharge 116 

Santa  Clara  River  near: 

description 117 

dL*<charirc 117 

Scott  River  near— 
Fort  Jones,  Cal.: 

description 246 

discharge 246 

Second-foot,  definition  of 3 

Seepage  measurements: 

SanU  Ana  River 99 

San  Bernardino  Valley 101 

Sequoia  National  Park,  Cal. 

Kaweah  River,  Middle  Fork,  in: 

description 194 

discharge 194 

Marble  Fork  in: 

description 194 

discharge 194 

Meant  Whitney  Power  Company's  flume 
at: 

description 195 

discharge 195 

Sespe  Creek  near— 
Sespe,  Cal.: 

description 116 

discharge 116 

Sespe  Land  and  Water  Company's  canal 
near— 
Sespe,  Cal.: 

description 116 

discharge 116 

Seven  MUe  Creek  near- 
Fort  Klamath,  Oreg.: 

descripUon 246 

discharge 247 

Shasta  River  near— 
Yreka,  Cal.: 

description 247 

discharge 247 

Sheep  Creek,  California: 

description 199 

discharge 199 

Sheep  Creek  ditch  near- 
El  Monte,  Cal.: 

description 108 

discharge 108 

Sheepy  Creek  near^ 
Brownell,  Cal.: 

description 247 

discharge -% 247 

Shepherds  Creek  near- 
Independence,  Cal.: 

description 86 

discharge 86 

Sierra  City,  Cal. 

Mining  Company's  flnme  near: 

description 165 

discharge 165 

Yaba  River,  North  Fork  of  North  Fork, 
near: 

deecri  ption 165 

diachaige 165 


Sierra  City,  Cal.— Continued.  Page. 

Yuba  River,  South  Fork  of  North  Fork, 
near: 

description 165 

discharge 165 

Sierra  Madre,  (-al. 

Santa  Anita  Creek,  near: 

description 108 

discharge '.      108 

Siletx  River  at— 
Siletx,  Oreg.: 

description 252 

discharge 252 

gage  heights 252 

Silver  Creek  and  South  Fork,  California: 

description 179 

discharge 179 

Bilverlake,  Oreg. 
Sycan  River  near: 

description 232 

discharge 232 

gage  heights 232 

Single-point  method    of    measuring  dis- 
charge, description  of 9 

Slide  Creek,  California: 

description 200 

discharge 200 

Slippery  Ford,  Cal. 

American   River,    Silver    and    South 
Forks,  near: 

description 179 

discharge 179 

El  Dorado  ditch  below: 

description 179 

discharge 1 79 

Slope  method  of  measuring  discharge,  use 

and  value  of 6 

Small  Creek,  California: 

description .'     186 

discharge 186 

Smartville,  Cal. 

Yuba  River,  near: 

description • 160 

discharge 161 ,  163 

discharge,  monthly 164 

gage  heights 162 

Soil.  classiUcation  and  test  of  ^  in  Imperial 

Valley 40,41 

Soledad,  Cal. 

Arroyo  Seco  near: 

descriptton 123-124 

discharge 124 

discharge,  monthly 126 

gage  heights 125 

rating  table 125 

South  Eel  River  at— 
Hearst.  Cal.: 

description 225 

discharge 225 

Laytonville,  Cal.: 

description 226 

discharge 226 

South  Fork,  etc.    See  namr  of  river. 
South  Hillside  canal  near- 
Bishop,  Cal.: 

description 77 

discharge 77 

gage  heights .•-.       77 
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South  Yuba  MinlDg  Company's  ditch       Pa^e. 
near— 
Colfax,  Cal,: 

description 168 

discharge 168 

Sprague  River  near— 
Yainax,  Oreg.: 

description 247 

discharge 2-17 

Spring  Creek  near- 
Fort  Klamath,  Oreg.: 

description 247 

discharge 247 

Spring  Lake,  Oreg. 

Phillip's  wheel  canal  near: 

description 246 

discharge 246 

Springville,  Cal, 

Tule  River,  North  and  Middle  forks, 
near: 

description 191,192 

discharge 191,192 

Squaw  Creek  near- 
Copper  City,  Cal.: 

description 132 

discharge 132 

Squaw  Hollow,  Cal. 
Stanislaus  River  at: 

description 222 

discharge. 222 

Standerford  ditch  near- 
El  Monte,  Cal.: 

de.«*cription 108 

discharge 108 

Standlsh,  Cal. 

Willow  Creek  near: 

description 47 

discharge 47 

discharge,  monthly 49 

gage  heights 48 

rating  table 48 

Stanislaus  River  at— 
Knights  Ferry,  Ca!.: 

description 21 7-218 

discharge 218 

discharge,  monthly 220 

gage  heights 219 

rating  table 219 

Parrotts  Ferry,  Cal.: 

descriptitm 222 

discharge 222 

Stanislaus  River,  North,  Middle,  and  South 
forks,  Cal. 

description 222 

discharge 222 

Stanislaus  River  basin: 

description 217 

miscellaneous  measurements 222 

Stanislaus  Water  Comjmny's  ditch  at— 
Knights  Ferry,  Cal.: 

dcHcription 220 

discharge 221 

gage  heights 221 

rating  table 222 

Stations,  river,  location  of,  map  showing . .         2 


Stella,  Cal.  Ffegc^ 

Clear  Creek  near: 

description Ul 

discharge VR 

Stevens  canal  near- 
Citrus,  Cal.: 

description 73 

discharge 73 

gage  heights '. 74 

Stevenson  Creek,  Cal. 

description 186 

d  ischarge 1« 

Stony  Creek  near— 
Fruto,  Cal.: 

description 153 

discharge 153 

discharge,  monthly 155 

gage  heights 154 

ratlngtable 154 

Stony  Creek  basin: 

description 153 

Stream  flow,  field  methods  of  measuring. . .    6-10 
Success,  Cal. 
■     Tule  River,  South  Fork,  near: 

description IW 

discharge 191 

Sunland,  Cal. 

Big  Tejunga  Creek  near: 

description 109 

discharge 1« 

Little  Tejunga  Creek  near: 

description...*. 110 

discharge 110 

Susan  River  near- 
Susan  Wile,  Cal.: 

description 12-43 

discharge O 

discharge,  monthly 4S 

gage  heights 44 

rating  table 44 

Susan  River  basin: 

description 42 

Susanville,  Cal. . 
Susan  River  near: 

description 42-13 

dLscharge 43 

discharge,  monthly 45 

gage  heights 44 

rating  table 44 

Sweetwater  River  near— 
Descanso,  Cal.: 

description 127 

discharge 127 

gage  heights 127 

Swingle  flume  canal  near— 
Lorella,  Oreg.: 

description 247 

discharge 247 

8ycan  River  near— 
Silverlake,  Oreg.: 

description 232 

d  ischarge 232 

gage  heights 282 


L 
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T.  Page. 

Tables,  explanation  of 4 

Tabooee  Creek  near— 
Tibbetto,  Cal.: 

description 86 

discharge 86 

Tamarack  canal  near- 
Imperial,  Cal.: 

discharge 88 

discharge,  monthly 38 

geige  heights 38 

Tehama.  Cal. 

Mill  Creek  near: 

description 132 

discharge 133 

Millrace  canal  near: 

deecription 133 

dificharge 138 

Temecula  Creek  near— 
Temecula,  Cal.: 

description 126 

discharge 126 

gage  heights 126 

Tenaya  Creek  in— 

Yosemite  Valley,  California: 

d»cription 207 

discharge 207 

discharge,  monthly 208 

gage  heights 208 

ratingtable 206 

Ten  Mile  Creek,  California: 

description 198 

discharge 19H 

Three  Mile  Creek  near- 
Fort  Klamath.  Oreg.: 

description 247 

discharge 247 

Three  Rivers,  Cal. 

Kawcah  River  below: 

description 192 

discharge 193 

discharge,  monthly 194 

gage  heights 193 

ratingtable 194 

Kaweah  River,  North  and  South  forks, 
near: 

description 194,195 

discharge 194,195 

Tibbetts,  Cal. 

Goodale  Creek  near: 

description 85 

discharge 85 

Taboose  Creek  near: 

description 86 

discharge 86 

gagehelghts 86 

Tiltm  Creek,  California: 

description 216 

discharge 216 

Tinemaha,  Cil. 

Tinemaha  Creek  near: 

description 86 

discharge 86 

Birch  Creek  near: 

description 80 

discharge 81 

gage  heights 81 


Trinity  River  near—  Page. 

Lowden,  Cal.: 

description 247 

discharge 247 

Triunfo  Creek  near— 
Calabasas,  Cal.: 

description '. . . .      113 

discharge 114 

discharge,  monthly 115 

gage  heights 114 

Tule  Lake,  Califomiu: 

precipitation 242 

Tule  Lake  near- 
Merrill,  Oreg.: 

description 238 

gagehelghts 289 

Tule  River  near— 
Portersville,  Cal.: 

description 189 

discharge 190 

discharge,  monthly 191 

gage  heights 190 

ratingtable 191 

Tule  River,  North  and  Middle  forks,  near— 
Springville,  Cal.: 

description 191,192 

discharge 191,192 

Tule  River,  South  Fork,  near- 
Success,  Cal.: 

description 101 

discharge 191 

Tule  River  basin: 

description 189 

miscellaneous  measurements 191-192 

Tuolumne  River  at— 
Hetch  Hetchy,  Cal.: 

description 216 

discharge 216 

Lagrange,  Cal.: 

description 209-210 

discharge 210 

discharge,  monthly 212 

gage  heights 211 

rating  table 212 

Tuolumne  River,  Middle  and  South  forks, 
California: 

description 216, 217 

discharge 216,217 

Tuolumne  River  basin: 

description 209 

miscellaneous  measurements 216-217 

Turlock  canal  at — 
Lagrange,  Cal.: 

description 214 

discharge 214 

gage  heights 216 

rating  table 215 

Tuttle  Creek  near- 
Lone  Pine,  Cal.: 

description 86 

discharge 86 

U. 

Ukiah.  Cal. 

KuHsian  River,  East  Fork,  near: 

description 225 

discharKc , . . .  .^.f.      225 
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Umpqua  River,  North  Fork,  near—  Page. 

Oftkcreek,  Orcg.: 

description 251 

discharge 251 

gage  heights 252 

Umpqua  River,  South  Fork,  near— 
Bn)cJcway,  Oreg.: 

description 250 

discharge 250 

gage  heights 251 

Upper  Lake,  Cul. 

Clover  Creek  near: 
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prcx;ress  report  of  stream  measurements 
for  the  calendar  year  1905. 

PART  XIV. 


By  D.  W.  Ross,  J.  T.  Whistler,  and  T.  A.  Noble. 


INTRODUCTION. 
ORGANIZATION  AND  SCOPE  OP  TVORK. 

Tbe  hydrographic  work  of  the  United  States  Geological  Survey  includes  the  collection 
of  facts  concerning  and  the  study  of  conditions  affecting  the  behavior  of  water  from  the 
time  it  reaches  the  earth  as  rain  or  snow  until  it  joins  the  oceans  or  great  navigable  rivers. 
These  investigations  became  a  distinct  feature  of  the  work  of  the  Survey  in  the  fall  of  1888, 
when  an  instruction  camp  was  established  at  Embudo,  N.  Mex.  The  first  specific  appro- 
pnation  for  gaging  streams  was  made  by  the  act  of  August  18,  1894,  which  contained  an 
item  of  $12,500  "  for  gauging  the  streams  and  determining  the  water  supply  of  the  United 
Stales,  including  the  investigation  of  underground  currents  and  artesian  wells  in  the  arid 
and  semiarid  sections."     (28  Stat.  L.,  p.  398.) 

Since  that  time  the  appropriations  have  been  gradually  increased,  as  shown  by  the  fol- 
lowing table: 

Annual  appropriation  for  hydrographic  surveys,  fiscal  years  ending  June  30,  1895  to  1906. 


l»5 $12,500 

1»6 20,000 

1»7 50,000 

18W 50,000 

1899 .'iO,000 

1900 .W,  000 


1901 $100,000 

1902 100.000 

1903 200.000 

1904 200.000 

19a5 200.000 

1906 200,000 


As  a  result  of  the  increased  appropriations  the  work  has  been  greatly  extended,  and  at 
the  same  time  it  has  been  more  thoroughly  sytemized  by  the  adoption  of  standard  methods 
Mid  by  grouping  the  States  into  districts,  in  each  of  which  a  district  hydrographer  and  a 
corps  of  assistants  carry  on  a  comprehensive  study  of  the  hydrographic  resources. 

The  chief  features  of  the  hydrographic  work  are  the  collection  of  data  relating  to  the  flow 
of  the  surface  waters  and  the  study  of  the  conditions  affecting  this  flow.  Information  is 
also  collected  concerning  river  profiles,  duration  and  magnitude  of  floods,  water  power,  etc., 
which  may  be  of  use  in  hydrographic  studies.  This  work  includes  the  study  of  the  hydrog- 
raphy of  every  important  river  basin  in  the  United  States,  and  is  of  direct  value  in  the 
«>mmercial  and  agricultural  development  of  the  country. 

in  order  to  collect  the  material  from  which  estimates  of  daily  flow  are  made,  gaging  stations 
are  established.  The  selection  of  a  site  for  a  gaging  station  and  the  length  of  time  it  is 
fnaintained  depend  largely  on  the  physical  features  and  the  needs  of  each  locality,  if  the 
water  is  to  be  used  for  power,  special  effort  is  made  to  obtain  information  concerning  the 
Dunimum  flow;    if  water  is  to  be  stored,  the  maximum  flow  receives  special  attention. 
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In  all  sections  of  the  country  permanent  gaging  stations  are  maintained  for  general  sUt» 
tical  purposes,  to  show  the  conditions  existing  through  long  periods.  They  are  also  used 
as  primary  stations,  and  their  records,  in  connection  with  short  series  of  measurements, 
serve  as  bases  for  estimating  the  flow  at  other  points  in  the  drainage  basin. 

During  the  calendar  year  1905  the  division  of  hydrography  has  continued  measuring 
the  flow  of  streams  on  the  same  general  lines  as  in  previous  years.  Many  new  and  improved 
methods  have  been  introduced,  by  which  the  accuracy  and  value  of  the  results  have  been 
increased.  Approximately  800  regular  gaging  stations  were  maintained  during  the  jetr, 
and  an  exceptionally  large  number  of  miscellaneous  measurements  and  special  investi- 
gations were  made.  "The  Report  of  Progress  of  Stream  Measurements,^'  which  contains 
the  results  of  this  work,  is  published  in  a  series  of  fourteen  Water-Supply  and  Irrigation 
Papers,  Nos.  165-178,  as  follows: 

No.  IfiS.  Atlantic  coaat  of  New  England  drainage. 

No.  16G.  Hudson,  Passaic,  Raritan.  and  Delaware  river  drainages. 

No.  167.  Susquehanna.  Gunpowder,  Patapsco,  Potomac,  James,  Roanoke,  and  Yadkin  riwr 

drainages. 
No.  168.  Santee,  Savannah,  Ogeechee,  and  .\itamaha  rivers,  and  eastern  Oalf  of  Mexico  dniuh 

ages. 
No.  160.  Ohio  and  lower  eastern  Mississippi  river  drainages. 
No.  170.  Qreat  Lakes  and  St.  Lawrence  River  drainages. 

No.  171.  Hudson  Bay,  and  upper  eastern  and  western  Mississippi  River  drainages. 
No.  172.  Missouri  River  drainage. 

No.  17.'>.  Meramec,  Arkansas,  Red,  and  lower  western  Mississippi  river  drainages. 
No.  174.  Western  Gulf  of  Mexico  and  Rio  Grande  drainages. 
No.  175.  Colorado  River  drainage. 
No.  176.  Great  Basin  drainage. 

No.  177.  Great  Basin  and  Pacific  Oce^n  drainages  in  California. 
No.  178.  Columbia  River  and  Puget  Sound  drainages. 

These  papers  embody  the  data  collected  at  the  regular  gaging  stations,  the  results  of  the 
computations  based  on  the  observations,  and  such  other  information  as  may  have  a  direct 
bearing  on  the  study  of  the  subject,  and  include,  as  far  as  practicable,  descriptions  of  the 
basins  and  the  streams  draining  them. 

For  the  purpose  of  introducing  uniformity  into  the  reports  for  the  various  years,  the 
drainages  of  the  United  States  have  been  divided  into  eleven  grand  divisions,  which  have 
been  again  divided  into  secondary  divisions,  as  shown  in  the  following  list.  The  Progress 
Report  has  been  made  to  conform  to  this  arrangement,  each  part  containing  the  data  for 
one  or  more  of  the  secondary  divisions.  The  secondary  divisions  have  in  most  cases  been 
redivided,  and  the  facts  have  been  arranged,  as  far  as  practicable,  geographically. 

Drainage  basins  in  the  United  States. 


St.  John. 

St.  Croix. 

ppnol)9Cot. 

Kennebec. 

An«lrosc(HJgin. 

Presumpscot. 

Saco. 

Morn  mac. 

Connectlcnt. 

Blackstonc. 


James. 

Chowan. 

Roanoke. 

Tar. 

Neusc. 

Cape  Fear. 


NORTHERN  ATLANTIC  DRAINAGE   RABINS. 

Thames. 

II  oiisa  tonic. 

Hudson. 

I'assaic. 

Raritan. 

Delaware. 

Susquehanna. 

Potomac. 

Minor  Chesapeake  Bay. 

Minor  northern  Atlantic 

SOUTHERN   ATLANTIC   DRAINAGE  BASINS. 

Great  Pedce  (Yadkin). 

Santee. 

Savannah. 

Ogp<»choo, 

Altamahn. 

Minor  southern  Atlantic. 
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DEFINITIONS. 

BAOTKRN  GULF  Or  MEXICO  nRAINAOK  BASINS. 

Snwaiwe.  I  Pearl. 

Apalachioola.  |  Minor  eastern  Gulf  of  Mexico. 

Mobile. 

EASTERN  MISSISSIPPI  RIVER  DRAINAGE  BASINS. 

Lover  eastern  Misaisaipoi.  l  Upper  eastern  Mississippi. 

Ohio.  I 


ST.  LAWRENCE  RIVER  DRAINAGE  BASINS. 


L^aVe  Superior. 
Lalie  Michigan. 
Lake  Huron. 
L*ke  St.  Clair. 
Lake  Erie. 


Niagara  River. 

Lake  Ontario. 

Lake  Champiain  (Richelieu  River). 

Minor  St.  Lawrpnce. 


WESTERN  MISSISSIPPI  RIVER  DRAINAGE  BASINS. 


Upper  western  Mississippi.  i  Lower  western  Mississippi. 

Missouri.  '   Arkansas. 

Merainee.  i  Red. 


Sabine. 
Nechea. 
Trinity. 
Braiios. 
Colorado  (of  Texas). 


WESTERN  GUI.F  OP  MEXICO  DRAINAGE  BASINS. 

Guadalupe. 

San  Antonio. 

Nueces. 

Rio  Grande. 

Minor  western  Gulf  of  Mexico. 

COLORADO  RIVER  DRAINAGE  BASIN. 
GREAT  BASIN. 

Wasatch  Mountains.  l  Sierra  Nevada. 

Hnnil>oIdt.  I   Minor  streams  in  Great  Basin. 

PACIFIC  COAST  DRAINAGE  BASINS. 

Southern  Pacific.  I  Columbia. 

San  Francisco  Bay.  |  Puget  Sound. 

Northern  Pacific.  I 

HUDSON   BAY  DRAINAGE  BASINS. 

DEFINITIONS. 

The  Volume  of  water  flowing  in  a  stream — the  "nin-ofT"  or  "discharge" — is  expressed 
in  variou.s  terms,  each  of  which  has  hecome  associated  with  a  certain  class  of  work.  These 
terms  may  he  divided  into  two  groups  —(1)  those  which  represent  a  rate  of  flow,  as  second- 
feet,  gallons  per  minute,  miner's  inch,  and  run-oflf  in  second-feet  per  square  mile;  and  (2) 
those  which  represent  the  actual  quantity  of  water,  as  run-on"  in  depth  in  inches  and  acre- 
feet.    They  may  be  deflned  as  follows: 

"Second-foot"  is  an  abbreviation  for  cubic  foot  per  second,  and  is  the  rate  of  discharge 
of  water  flowing  in  a  stream  1  foot  wide,  1  foot  deep,  at  a  rate  of  1  foot  per  second.  It  is 
Rpnerally  used  as  a  fundamental  unit  from  which  others  are  computed. 

"Gallons  per  minute"  is  generally  used  in  connection  with  pumping  and  city  water 
supply. 

The  "miner's  inch"  is  the  rate  of  discharge  of  water  passing  through  an  orifice  1  inch 
square  under  a  head  which  varies  locally.  It  ha?  been  commonly  used  by  miners  and 
irrigators  throughout  the  West,  and  is  defined  by  statute  in  each  State  in  which  it  is  used. 
In  most  States  the  California  miner's  inch  Is  used,  which  Ls  the  fiftieth  f>art  of  a  second-foot. 

"Second-feet  per  square  mile"  is  the  average  number  of  cubic  feet  of  water  flowing  per 
second  from  each  square  mile  of  area  drained,  on  the  assumption  that  the  run-off  is  dis- 
tributed uniformly,  both  as  regards  time  and  area. 
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"Run-ofT  in  inches''  is  the  depth  to  which  the  drainage  area  would  be  coTered  if  all  tbe 
water  flowing  from  it  in  a  given  period  were  conaerved  and  uniformly  distributed  on  tbe 
surface.  It  is  used  for  comparing  run-off  with  rainfall,  which  is  usually  expraaaed  in  depth 
in  inches. 

"Acre-foot"  is  equivalent  to  43,560  cubic  feet,  and  is  the  quantity  required  to  cover  an 
acre  to  the  depth  of  1  foot.  It  is  commonly  used  in  connection  with  storage  for  irrigatioD 
work.  There  is  a  convenient  relation  between  the  second-foot  and  the  acre-foot.  One 
second-foot  flowing  for  twenty-four  hours  will  deliver  86,400  cubic  feet,  or  approximately 
2  acre-feet. 

EXPLANATION  OF  TABL.ES. 

For  each  regular  gaging  station  are  given,  as  far  as  available,  the  following  data: 

1.  Description  of  station. 

2.  List  of  discharge  measurements. 

3.  Gage-height  table. 

4.  Rating  table. 

5.  Table  of  estimated  monthly  and  yearly  dischaiges  and  run-off,  based  on  all  the  ftcts 
obtained  to  date. 

The  descriptions  of  stations  give  such  general  information  about  the  locality  and  equip- 
ment as  would  enable  the  reader  to  find  and  use  the  station.  They  also  give,  as  far  as  pos- 
sible, a  complete  history  of  all  the  changes  that  have  occurred  since  the  establishment  of 
the  station  that  would  be  factors  in  using  the  data  collected. 

The  discharge-measurement  table  gives  the  results  of  the  discharge  measuremeots 
made  during  the  year,  including  the  date,  the  name  of  the  hydrographer,  the  gage  height, 
the  area  of  cross  section,  the  mean  velocity,  and  the  discharge  in  second-feet. 

The  table  of  daily  gage  heights  gives  the  daily  fluctuations  of  the  surface  of  tbe  river 
as  found  from  the  mean  of  the  gage  readings  taken  each  day.  The  gage  height  given 
in  the  table  represents  the  elevation  of  the  surface  of  the  water  above  the  zero  of  the  gage. 
At  most  stations  the  gage  is  read  in  the  morning  and  in  the  evening. 

The  rating  table  gives  dischai^es  in  second-feet  corresponding  to  each  stage  of  the  river 
as  given  by  the  gage  heights. 

In  the  table  of  estimated  monthly  discharge,  the  column  headed  "Maximum"  gives 
the  mean  flow  for  the  day  when  the  mean  gage  height  was  highest;  this  is  the  flow  as  givoi 
in  the  rating  table  for  that  mean  gage  height.  As  the  gage  height  is  the  mean  for  tbe  day 
there  might  have  been  short  periods  when  the  water  was  higher  and  the  corresponding 
discharge  lai^er  than  given  in  this  column.  Likewise  in  the  column  of  ''Mi»imum,"  the 
quantity  given  is  the  mean  flow  for  the  day  when  the  mean  gage  height  was  lowest.  Tbe 
column  headed  ''Mean''  is  the  average  flow  for  each  second  during  the  month.  On  this 
the  computations  for  the  three  remaining  columns,  which  are  defined  above,  are  based. 

In  the  computations  for  the  tables  of  this  report  the  following  general  and  special  rules 
have  been  used: 

FundametUaJ  rules  for  comp^tation. 

1.  The  highest  degree  of  precision  consistent  with  the  rational  use  of  time  and  money  is  imperative. 

2.  All  items  of  computation  should  be  expressed  by  at  least  two  and  not  more  than  four  significant 
figures. 

3.  Any  measurement  In  a  vertical  velocity,  mean  velocity,  or  discharge  curve  whose  percent  of  error 
is  five  times  the  average  per  cent  of  error  of  all  the  other  measurements  should  be  rejected. 

4.  In  reducing  the  number  of  significant  figures,  or  the  number  of  decimal  places,  by  dropping  the 
last  figure,  the  following  rules  apply: 

(a)  When  the  figure  in  the  place  to  be  rejected  is  less  than  5,  drop  it  without  changing  tbe  preceding 
figure.    Example:  1,827.4  b^omes  1,827 

(b)  When  the  figure  In  the  place  to  be  rejected  Is  greater  than  5,  drop  it  and  Increase  the  preceding 
figure  by  1.    Example:  1,827.6  becomes  1,828. 

(c)  When  the  figure  in  the  place  to  be  rejected  is  5,  and  it  is  preceded  by  an  even  figure,  drop  tbe 5. 
Example:  1,828.5  becomes  1,828. 

(d)  When  the  figure  in  the  place  is  to  be  rejected  is  5,  and  it  is  preceded  by  an  odd  figure,  drop  the5 
and  Increase  the  preceding  figure  by  1.    Example:  1.827 Jj  becomes  1,828. 
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Special  rules  for  computafton.  ^ 

1.  Rating  tables  are  to  be  constructed  as  closely  as  tbe  data  on  which  they  are  based  will  warrant. 
No  decimals  are  to  be  used  when  the  discharge  is  over  50  second-feet. 

2.  Daily  discharges  shall  be  applied  directly  to  the  gage  heights  as  they  are  tabulated. 

3.  Monthly  means  are  to  be  carried  out  to  one  decimal  place  when  the  quantities  are  below  100  second- 
feet.  Betweeo  100  and  10,000  second-feet,  the  last  figure  in  the  monthly  mean  shall  be  a  significant  figure. 
This  also  appHee  to  the  yearly  mean. 

4.  Seoond-ftet  per  square  mile  and  depth  in  inches  for  the  individual  months  shall  be  carried  out 
to  at  least  three  significant  figures,  except  in  the  case  of  decimals  where  the  first  significant  figure  is 
preceded  by  one  or  more  naughts  (0) ,  when  the  quantity  shall  be  carried  out  to  two  significant  figures. 
Example:  1:25;  .125;  .012,  0012.  The  yearly  means  for  these  quantities  are  always  to  be  expressed  in 
three  significant  figures  and  at  least  two  decimal  places. 

CONVENIENT   EQUTVAL.ENT8. 

1  second-foot  equals  50  CaUfomia  miner's  inches. 
1  second-foot  equals  38.4  Colorado  miner's  inches. 
I  seoond-foot  equals  40  Arizona  miner's  inches. 

1  second-foot  equals  7.48  Ignited  States  gallon^  per  second;  equals  448.8  gallons  per  minute;  equals 
546,272  gallons  for  one  day. 
1  second-foot  equals  6.23  British  imperial  gallons  per  second. 
1  second-foot  for  one  year  covers  1  square  mile  1.131  feet  deep,  13.572  inches  deep. 
1  second-foot  for  one  year  equals  0.000214  cubic  mile;  equals  31,536,000  cubic  feet. 
1  second-foot  equals  about  1  acre-inch  per  hour. 
1  second-foot  falling  10  feet  equals  1 .136  horsepower. 
100  California  miner's  inches  equiU  15  United  States  gallons  per  second. 
100  California  miner's  Inches  equal  77  Colorado  miner's  inches. 
100  California  miner's  inches  for  one  day  equal  4  acre-feet. 
100  Colorado  miner's  inches  equal  2.60  second-feet. 
100  Colorado  miner's  inches  equal  19.5  United  States  gallons  per  second. 
100  Colorado  miner's  inches  equal  130  California  miner's  inches. 
100  Colorado  miner's  inches  for  one  day  equal  5.2  acre-feet. 
100  United  States  gallons  per  minute  equal  0.223  second-foot. 
100  United  States  gallons  per  minute  for  one  day  equal  0.44  acre-foot. 
1,000,000  United  States  gallons  per  day  equal  1.55  second-feet. 
1,000,000  United  States  gallons  equal  3.07  acre-feet. 
1,000,000  cubic  feet  equal  22.95  acre-feet. 
1  acre-foot  equals  325,850  gallons. 
1  inch  deep  on  1  square  mile  equals  2,323,200  cubic  feet. 
1  inch  deep  on  1  square  mile  equals  0.0737  second-foot  per  year. 
1  Inch  equals  2.54  centimeters. 
1  foot  equals  0.3048  meter. 
1  yard  equals  0.9144  meter. 
1  mile  equals  1.60035  kilometers. 

1  mUe  equals  1,760  yards;  equals  5,280  feet;  equals  63,360  Inches. 
1  square  yard  equals  0.836  square  meter. 
1  acre  equals  0.4047  hectare. 

1  acre  equals  43,560  square  feet;  equals  4,840  square  yards. 
1  acre  equals  200  feet  square,  nearly. 
1  square  mile  equals  250  hectares. 
1  square  mile  equals  2.59  square  kilometers. 
1  cnbic  foot  equals  0.0283  cubic  meter. 
1  cubic  foot  equals  7.48  gallons;  equals  0.804  busheL 
1  cubic  foot  of  water  weighs  62.5  pounds. 
1  cubic  yard  equals  0.7646  cubic  meter. 
1  cubic  mile  equals  147,108,000,000  cubic  feet. 
1  cubic  mile  equals  4,667  second-feet  for  one  year. 
1  gallon  equals  3.7854  liters. 
1  gallon  equals  8.36  pounds  of  water. 
1  gallon  equals  231  cubic  inches  (liquid  measure). 
1  pound  equals  0.4536  kilogram. 
1  avoirdupois  pound  equals  7,000  grains. 
I  troy  pound  equals  5,760  grams. 
1  meter  equals  39.37  inches.    Log.  1.5951654. 
1  meter  equals  3.280633  feet.    Log.  0.5159842. 
I  meter  equals  1.093611  yards.    Log.  0.0388629. 
1  kilometer  equals  3,281  feet;  equals  five-eighths  mile,  nearly. 
1  square  meter  equals  10,764  square  feet;  equals  1,196  square  yarda 
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1  hectare  equals  2.471  acres. 

1  cubic  meter  equals  35.3U  cubic  feet;  equals  1.308  cubic  yards. 
1  liter  equals  1.0567  quarts. 
1  gram  equals  15.43  grains. 
1  kilogram  equals  2.2046  pounds. 
1  tonneau  equals  2,204.6  pounds. 
1  foot  per  second  equals  1,007  kilometers  per  hour. 
1  foot  per  second  equals  0.68  mile  per  hour. 
1  cubic  meter  per  minute  equals  0.5886  second-foot. 

1  atmosphere  equals  15  pounds  per  square  inch;  equals  1  ton  per  square  foot;  equals  1  kUogrui  per 
square  centimeter. 
Acceleration  of  gravity  equals  32.16  feet  per  second  every  second. 
1  horsepower  equals  550  foot-pounds  per  second. 
1  horsepower  equals  76  kilogram-meters  per  second. 
1  horsepower  equals  746  watts. 
1  horsepower  equals  1  second-foot  falling  8.8  feet. 
1}  horsepowers  equal  about  1  kilowatt. 
To  calculate  water  power  quickly:  ?!^-'i^'Xfall  in  feet.net  horsepower  on  water  wheel,  reaUdiig  8U 

per  cent  of  the  theoretical  power. 

Quick  formula  for  computing  discharge  over  weirs:  Cubic  feet  per  minute  equals  0.4025  If  k*;  l^ksagit 
of  weir  in  inches;  A^head  in  inches  flowing  over  weir,  measured  from  surface  of  stUl  water. 
To  change  miles  to  inches  on  map: 

Scale  1 :  125,000,  1  mUe«0.50688  inch. 
Scale  1:   90,000,  1  mUe»0.70400  inch. 
Scale  1:  62,.'M)0, 1  mile- 1.01376  Inches. 
Scale  1:   45.000. 1  mile- 1.40800  inches. 

FIELD  METHODS  OF  MEASURING  STREAM  FliOW. 

The  methods  used  m  collecting  these  data  and  in  preparing  them  for  publication  are 
given  in  detail  in  Water-Supply  Papers  No.  94  (Hydrographic  Manual,  U.  S.  Geol.  Sui^ 
vey)  and  No.  95  (Accuracy  of  Stream  Measurements).  In  order  that  those  who  use  this 
report  may  readily  become  acquainted  with  the  general  methods  employed,  the  followiog 
brief  descriptions  are  given: 

Streams  may  be  divided,  with  respect  to  their  physical  conditions,  into  three  classes— 
(1)  Those  with  permanent  beds;  (2)  those  with  beds  which  change  only  during  extreme 
low  or  high  water;  and  (3)  those  with  constantly  shifting  beds.  In  estimating  the  daily  flow 
special  methods  are  necessary  for  each  class.  The  data  on  which  these  estimates  are  based 
and  the  methods  of  collecting  them  are,  however,  in  general  the  same. 

There  are  three  distinct  methods  of  determining  the  flow  of  open-channel  streams— 
(1)  By  measurements  of  slope  and  cross  section  and  the  use  of  Chezy's  and  Kutter's  for- 
mulas; (2)  by  means  of  a  weir;  and  (3)  by  measurements  of  the  velocity  of  the  current  axnl 
of  the  area  of  the  cross  section.  The  method  chosen  for  any  case  depends  on  the  local  physi- 
cal conditions,  the  degree  of  accuracy  desired,  the  funds  available,  and  the  length  of  time 
that  the  record  is  to  be  coritinued. 

Slope  viethod. — Much  information  has  been  collected  relative  to  the  coefficients  to  be 
used  in  theChozy  formula,  v=c>/r8.  This  has  been  utilized  by  Kutter,  both  in  developing 
his  formula  for  c  and  in  det-ermining  the  values  of  the  coefficient  n  which  appears  therem. 
The  results  obtained  by  the  slope  method  are  in  general  only  roughly  approximate,  owing 
to  the  difficulty  in  obtaining  accurate  data  and  the  uncertainty  of  the  value  f or  n  to  be 
used  in  Kutter's  formula.  The  most  common  use  of  this  method  is  in  estimating  the 
flood  dischaige  of  a  stream  when  the  only  data  available  are  the  cross  section,  the  slope 
as  shown  by  marks  along  the  bank,  and  a  knowledge  of  the  general  conditions. 

Weir  method. — When  funds  are  available  and  the  conditions  are  such  that  sharp-crested 
weirs  can  be  erected,  these  offer  the  best  facilities  for  determining  flow.  If  dams  are  suit- 
ably situated  and  constructed,  they  may  be  utilized  for  obtaining  reliable  estimates  of 
flow.  The  conditions  necessary  to  insure  good  results  may  be  divided  into  two  classes: 
(1)  Those  relating  to  the  physical  characteristics  of  the  dam  itself,  and  (2)  those  relating 
to  the  diversion  and  use  of  water  around  and  through  the  dam. 
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The  physical  requiremeDts  are  as  follows:  (a)  SuflBcient  height  of  dam,  so  that  back- 
water will  Dot  interfere  with  free  fall  over  it;  (&)  absence  of  leaks  of  appreciable  magni- 
tude; (r)  topography  or  abutments  which  confine  the  flow  over  the  dam  at  high  stages; 
(J)  level  crests  which  are  kept  free  from  obstructions  caused  by  floating  logs  or  ice;  (e) 
crests  of  a  type  for  which  the  coefficients  to  be  used  in  Q=c  6  ^1,  or  some  similar  standard 
weir  formulai  are  known  (see  Water-Supply  Paper  No.  150) ;  (/)  either  no  flashboards  or 
exceptional  care  in  reducing  leakage  through  them  and  in  recording  their  condition. 

Preferably  there  should  be  no  diversion  of  water  through  or  around  the  dam.  Gener- 
ally, however,  the  dam  is  built  for  purposes  of  power  or  navigation,  and  part  or  all  of  the 
water  flowing  past  it  is  diverted  for  such  uses.  This  water  is  measured  and  added  to  that 
passing  over  the  dam.  To  insure  accuracy  in  such  estimates,  the  amount  of  water  diverted 
should  be  reasonably  constant.  Furthermore,  it  should  be  so  diverted  that  it  can  be  meas- 
ured, either  by  a  weir,  a  current  meter,  or  a  simple  system  of  water  wheels  which  are  of 
standard  make,  or  which  have  been  rated  as  meters  under  working  conditions  and  so 
installed  that  the  gate  openings,  the  heads  under  which  they  work,  and  their  angular 
velocities  may  be  accurately  observed. 

The  combination  of  physical  conditions  and  uses  of  the  water  should  be  such  that  the 
estimates  of  flow  will  not  involve,  for  a  critical  stage  of  considerable  duration,  the  use  of 
a  head  on  a  broad-crested  dam  of  less  than  6  inches.  Moreover,  when  all  other  conditions 
are  good,  the  cooperation  of  the  owners  or  operators  of  the  plant  is  still  essential  if  reliable 
results  are  to  be  obtained. 


Fio.  1.— Cable  station,  showing  section  of  river,  car,  gage,  etc. 

A  gaging  station  at  a  weir  or  dam  has  the  general  advuntsge  of  continuity  of  record 
through  the  period  of  ice  and  floods  and  the  disadvantages  of  uncertainty  of  ceoflicient  to 
be  used  in  the  weir  formula  and  of  complications  in  the  diversion  and  use  of  the  wat€T. 

Velocity  rnetJiod. — The  determination  of  the  quantity  of  water  flowing  past  a  certain 
section  of  a  stream  at  a  given  time  is  termed  a  dis<'lmi);e  measurement.  This  quantity 
is  the  product  of  two  factors — the  mean  velcK-ity  and  the  an'a  of  the  cross  section.  The 
mean  velocity  is  a  function  of  surface  slope,  wetted  jx?rimeter,  roughness  of  lx*d,  and  the 
channel  conditions  at,  above,  and  lx«Iow  the  gaging  section.  The  area  de|)ends  on  tlie 
contour  of  the  bed  and  the  fluctuations  of  the  surface.  Tlie  two  ])rincipal  ways  of  mea.s- 
uring  the  velocity  of  a  stream  arc  by  flouts  and  current  meters. 

Great  care  is  taken  in  the  selection  and  eciuipment' of  gaging  stations  for  deternmiing 
discharge  by  velocity  measurements  in  order  that  the  data  may  have  the  required  degree  of 
accuracy.  Their  essential  requirements  are  practically  the  same  whether  the  velwity  is 
determined  by  meters  or  floats.  They  are  located  as  far  as  possible  where  the  channel  is 
straight  both  above  and  below  the  gaging  section;  where  there  are  no  cross  currents,  back- 
water, or  boils;  where  the  bed  of  the  stream  is  reasonably  free  from  large  proje<'tions  of  a 
permanent  character;  and  where  the  banks  are  high  and  subject  to  overflow  only  at  flood 
stages.  The  station  must  l)e  so  far  removed  from  the  efFects  of  tributary  streams  and  dams 
or  other  artificial  obstructions  that  the  gage  height  shall  be  an  index  of  the  discharge. 
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Certain  permanent  or  semipermanent  structures,  usually  referred  to  as  '*  equipment,"  are 
generally  pertinent  to  a  gaging  station.  These  are  a  gage  for  determining  the  fluctuatioDs  d 
the  water  surface,  bench  marks  to  which  the  datum  of  the  gage  is  referred,  penoaDoit 
marks  on  a  bridge  or  a  tagged  line  indicating  the  points  of  measurement,  and,  where  thf 
current  is  swift,  some  appliance  (generally  a  secondary  cable)  to  hold  the  meter  in  positioD 
in  the  water.  As  a  rule,  the  stations  are  located  at  bridges  if  the  channel  conditions  are 
satisfactory,  as  from  them  the  observations  can  more  readily  be  made  and  the  cost  of  the 
equipment  is  small. 

The  floats  in  common  use  are  the  surface,  subsurface,  and  tube  or  rod  floats.  A  corked 
bottle  with  a  flag  in  the  top  and  weighted  at  the  bottom  makes  one  of  the  most  satisfactocr 
surface  floats,  as  it  is  affected  but  little  by  wind.  In  case  of  flood  measurements,  good 
results  can  be  obtained  by  observing  the  velocity  of  floating  cakes  of  ice  or  debris.  In  case 
of  all  surface-float  measurements  coefficients  must  be  used  to  reduce  the  observed  velocity  to 
the  mean  velocity.  The  subsurface  and  tube  or  rod  floats  are  intended  to  give  directly  the 
mean  velocity  in  the  vertical.  Tubes  give  excellent  results  when  the  channel  conditions  are 
good,  as  in  canals. 

In  measuring  velocity  by  a  float,  observation  is  made  of  the  time  taken  by  the  float  to  paas 
over  the  "run,"  a  selected  stretch  of  river  from  50  to  200  feet  long.  In  each  discharge 
measurement  a  large  number  of  velocity  determinations  are  made  at  different  points  across 
the  stream,  and  from  these  observations  the  mean  velocity  for  the  whole  section  is  deter- 
mined. This  may  be  done  by  plotting  the  mean  positions  of  the  floats  as  indicated  by  the 
distances  from  the  bank  as  ordinates  and  the  corresponding  times  as  abscissas.  A  curve 
through  these  points  shows  the  mean  time  of  run  at  any  point  across  the  stream,  and  the 
mean  time  for  the  whole  stream  is  obtained  by  dividing  the  area  bounded  by  thiis  curve  and 
its  axis  by  the  width.  The  length  of  the  run  divided  by  the  mean  time  gives  the  mean 
velocity. 

The  area  used  in  float  measurements  is  the  mean  of  the  areas  at  the  two  ends  of  the  run 
and  at  several  intermediate  sections. 

The  essential  parts  of  the  current  meters  in  use  are  a  wheel  of  some  type,  so  constructed 
that  the  impact  of  flowing  water  causes  it  to  revolve,  and  a  device  for  recording  or  indicating 
the  number  of  revolutions.  The  relation  between  the  velocity  of  the  moving  water  and  the 
revolutions  of  the  wheel  is  determined  for  each  meter.  This  rating  is  done  by  drawing  the 
meter  through  still  water  for  a  given  distance  at  different  speeds,  and  noting  the  number  of 
revolutions  for  each  run.  From  these  data  a  rating  table  is  prepared  which  gives  the 
velocity  per  second  for  any  number  of  revolutions. 

Many  kinds  of  current  meters  have  been  constructed.  They  may,  however,  be  classed 
in  two  general  types — those  in  which  the  wheel  is  made  up  of  a  series  of  cups,  as  the  Price, 
and  those  having  a  screw-propeller  wheel,  as  the  Haskell.  Each  meter  has  been  developed 
for  use  under  some  special  condition.  In  the  case  of  the  small  Price  meter,  which  has  be^n 
largely  developed  and  extensively  used  by  the  United  States  Geological  Survey,  an  attempt 
has  been  made  to  get  an  instrument  which  could  be  used  under  practically  all  conditions. 

Current-meter  measurements  may  be  made  from  a  bridge,  cable,  boat,  or  by  wading,  and 
gaging  stations  may  be  classified  in  accordance  with  such  use.  Fig.  1  shows  a  typical  cable 
station. 

In  making  the  measurement  an  arbitrary  number  of  points  are  laid  off  on  a  line  perpen- 
dicular to  the  thread  of  the  stream.  The  points  at  which  the  velocity  and  depth  are  observed 
are  known  as  measuring  points,  and  are  usually  fixed  at  regular  intervals,  varying  from  2  to 
20  feet,  depending  on  the  size  and  condition  of  the  stream.  Perpendicolars  dropped  from 
the  measuring  points  divide  the  gaging  section  into  strips.  For  each  strip  or  pair  of  strips 
the  mean  velocity,  area,  and  discharge  are  determined  independently,  so  that  conditions 
existing  in  one  part  of  the  stream  may  not  be  extended  to  parts  where  they  do  not  apply. 

Three  classes  of  methods  of  measuring  velocity  with  current  meters  are  in  general  use— 
multiple-point,  single-point,  and  integration.  ^ 

The  three  principal  multiple-point  methods  in  general  use  are  the  vertical  velocity-curve; 

0.2  and  0.8  depth;  and  top,  bottom,  and  raid-depth. 
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In  the  vertical  velocity-curve  method  a  series  of  velocity  determinatioiis  are  made  in  each 
vertical  at  regular  intervals,  usually  from  0.6  to  1  foot  apart.  By  plotting  these  velocities 
as  absclsBas  and  their  depths  as  ordinates,  and  drawing  a  smooth  curve  among  the  resulting 
points,  the  vertical  velocity  curve  is  developed.  This  curve  shows  graphically  the  magni- 
tude and  changes  in  velocity  from  the  surface  to  the  bottom  of  the  stream.  The  mean 
velocity  in  the  vertical  is  then  obtained  by  dividing  the  area  bounded  by  this  velocity  curve 
and  ita  axis  by  the  depth.  On  account  of  the  length  of  time  required  to  make  a  complete 
measurement  by  this  method,  its  use  is  limited  to  the  determination  of  coefficients  for 
purposes  oiF  comparison  and  to  measurements  under  ice. 

In  the  second  multiple-point  method  the  meter  is  held  successively  at  0.2  and  0.8  of 
the  depth,  and  the  mean  of  the  velocities  at  these  two  points  is  taken  as  the  mean  velocity 
for  that  vertical.  On  the  assumption  that  the  vertical  velocity  curve  is  a  common  parabola 
with  horizontal  axis,  the  mean  of  the  velocities  at  0.22  and  0.79  of  the  depth  will  give 
(closely)  the  mean  velocity  in  the  vertical.  Actual  observations  under  a  wide  range  of 
conditions  show  that  this  second  multiple-point  method  gives  the  mean  velocity  very  closely 
for  open-water  conditions  where  the  depth  is  over  5  feet  and  the  bed  comparatively  smooth, 
and  moreover  the  indications  are  that  it  will  hold  nearly  as  well  for  ice-covered  rivers. 

In  the  third  multiple-point  method  the  meter  is  held  at  mid-depth,  at  0.5  foot  below  the 
surafce,  and  at  0.5  foot  above  the  bottom,  and  the  mean  velocity  is  determined  by  dividing 
by  6  the  sum  of  the  top  velocity,  four  times  the  mid-depth  velocity,  and  the  bottom  velocity. 
This  method  may  be  modified  by  observing  at  0.2, 0.6,  and  0.8  depth. 

The  single-point  method  consists  in  holding  the  meter  either  at  the  depth  of  the  thread  of 
mean  velocity ,  or  at  an  arbitrary  depth  for  which  the  coefficient  for  reducing  to  mean  velocity 
has  been  determined. 

Extensive  experiments  by  vertical  velocity  curves  show  that  the  thread  of  mean  velocity 
generally  occurs  at  from  0.5  to  0.7  of  the  total  depth.  In  general  practice  the  thread  of 
mean  velocity  is  considered  to  be  at  0.6  depth,  at  which  point  the  meter  is  held  in  a  majority 
of  the  measurements.  A  large  number  of  vertical  velocity-curve  measurements,  taken  on 
many  streams  and  under  varying  conditions,  show  that  the  average  coefficient  for  reducing 
the  velocity  obtained  at  0.6  depth  to  mean  velocity  is  practically  unity. 

In  the  other  principal  single-point  method  the  meter  is  held  near  the  surface,  usually  1 
foot  below,  or  low  enough  to  be  out  of  the  effect  of  the  wind  or  other  disturbing  influences. 
This  is  known  as  the  subsurface  method.  The  coefficient  for  reducing  the  velocity  taken  at 
the  subsurface  to  the  mean  has  been  found  to  be  from  0.85  to  0.95,  depending  on  the  stage, 
velocity,  and  channel  conditions.  The  higher  the  stage  the  larger  the  coefficient.  This 
method  is  specially  adapted  for  flood  measurements,  or  when  the  velocity  is  so  great  that 
the  meter  can  not  be  kept  at  0.6  depth. 

The  vertical-integration  method  consists  in  moving  the  meter  at  a  slow,  uniform  speed 
from  the  surface  to  the  bottom  and  back  again  to  the  surface,  and  noting  the  number  of 
revolutions  and  the  time  taken  in  the  operation.  This  method  has  the  advantage  that  the 
velocity  at  each  point  of  the  vertical  is  measured  twice.  It  is  well  adapted  for  measure- 
ments under  ice  and  as  a  check  on  the  point  methods. 

The  area,  which  is  the  other  factor  in  the  velocity  method  of  determining  the  discharge  of 
a  stream,  depends  on  the  stage  of  the  river,  which  is  observed  on  the  gage,  and  on  the 
general  contour  of  the  bed  of  the  stream,  which  is  determined  by  soundmgs.  The  sound- 
ings are  usually  taken  at  each  measuring  point  at  the  time  of  the  discharge  measurement, 
either  by  using  the  meter  and  cable,  or  by  a  special  sounding  line  or  rod.  For  streams  with 
permanent  beds  standard  cross  sections  are  usually  taken  during  low  water.  These  sections 
serve  to  check  the  soundings  which  are  taken  at  the  time  of  the  measurements,  and  from 
them  any  change  which  may  have  taken  place  in  the  bed  of  the  stream  can  be  detected. 
They  are  also  of  value  in  obtaining  the  area  for  use  in  computations  of  high-water  measure- 
ments, as  accurate  soundings  are  hard  to  obtain  at  high  stages. 

In  computing  the  discharge  measurements  from  the  ol)servod  velocities  and  depths  at 
tMqus  points  of  measurement  the  measuring  section  is  divided  into  elementary  strips,  aa 
IBR  178—06-—-^  r^  I 
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showD  in  fig.  1,  and  the  mean  velocity,  area,  and  discharge  are  determined  separatdj  for 
either  a  single  or  a  double  strip.  The  total  discharge  and  the  area^  are  the  sums  of  tboae  I 
for  the  various  strips,  and  the  mean  velocity  is  obtained  by  dividing  the  total  discbarge  hj  > 
the  total  area. 

The  determination  of  the  flow  of  an  ice-covered  stream  is  difficult,  owing  to  diTeisity  ainl 
instability  of  conditions  during  the  winter  period  and  also  to  lack  of  definite  inforiDatioo 
in  regard  to  the  laws  of  flow  of  water  under  ice.  The  method  now  employed  is  to  make 
frequent  discharge  measurements  during  the  frozen  periods  by  the  vertical  velocity-cunre 
method  and  to  keep  an  accurate  record  of  the  conditions,  such  as  the  gage  height  to  the  sur- 
face of  the  water  as  it  rises  in  a  hole  cut  in  the  ice,  the  thickness  and  character  of  the  ice,  etc. 

From  these  data  an  approximate  estimate  of  the  daily  flow  can  be  made  by  coDStrocting 
a  rating  curve  (really  a  series  of  curves)  similar  to  that  used  for  open  channels,  but  con- 
sidering, in  addition  to  gage  heights  and  discharge,  the  varying  thickness  of  ice.  Such  data 
as  are  available  in  regard  to  this  subject  are  published  in  Water-Supply  Paper  No.  146,  pp. 
141-148. 

OFFICE  METHODS  OF  COMPUTING    RUN-OFF. 

There  arc  two  principal  methods  of  estimating  run-off,  depending  on  whether  or  not  the 
l^ed  of  the  streAra  is  permanent. 


Fio  2.— Rating,  area,  mean  velocity,  and  curves  tor  South  Fork  of  Skykoinlsh  River  near  Index,  Waah. 

For  stations  on  streams  with  permanent  beds  the  first  step  in  computing  the  run-o/T  is 
the  construction  of  a  rating  table,  which  shows  the  discharge  corresponding  to  any  stage  of 
the  stream.  This  rating  table  is  applied  to  the  record  of  stage  to  determine  the  amount  of 
water  flowing.  The  construction  of  the  rating  table  depends  on  the  method  used  in 
measuring  flow 

For  a  station  at  a  weir  or  dam  the  basis  for  the  rating  table  is  some  standard  weir  formula. 
The  coefficients  to  t>e  used  in  its  application  depend  on  the  type  of  dam  and  other  conditions 
near  its  crest.  After  mserting  in  the  weir  formula  the  measured  length  of  crest  and  thf 
assumed  coefficient  the  dischai^  is  computed  for  various  heads  and  the  rating  table  con- 
structed. 

The  data  necessary  for  the  construction  of  a  rating  table  for  a  velocity-area  station  are 
the  results  of  the  discharge  measurements,  which  include  the  record  of  stage  of  the  river  tt 
the  time  of  measurement,  the  area  of  the  cross  section,  the  mean  velocity  of  the  current, 
and  the  quantity  of  water  flowing.  A  thoroug:h  knowledge  of  the  conditions  at  and  in  the 
vicinity  of  the  station  is  also  necessary. 
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The  construction  of  the  rating  table  depends  on  the  following  laws  of  flow  for  open, 
permanent  channels:  (1)  The  discbarge  will  remain  constant  so  long  as  conditions  at  or 
near  the  gaging  station  remain  constant ;  (2)  the  discharge  will  be  the  same  whenever  the 
stream  is  at  a  given  stage  if  the  change  of  slope  due  to  the  rise  and  fall  of  the  stream  be 
neglected;  (3)  the  dischai^  is  a  function  of  and  increases  gradually  with  the  stage. 

The  plotting  of  results  of  the  various  discharge  measurements,  using  gage  heights  as 
onfinates,  and  dischai^e,  mean  velocity,  and  area  as  abscissas,  will  define  curves  which 
show  the  discharge,  mean  velocity,  and  area  corresponding  to  any  gage  height.  For  the 
development  of  these  curves  there  should  be,  therefore,  a  sufficient  number  of  dischai^ 
measurements  to  cover  the  range  of  the  stage  of  the  stream.  Fig.  2  shows  a  typical  rating 
curve  with  its  corresponding  mean  velocity  and  area  curves. 

As  the  discharge  is  the  product  of  two  factors,  the  area  and  the  mean  velocity,  any 
change  in  either  factor  will  produce  a  corresponding  change  in  the  discharge.  Their  curves 
are  therefore  constructed  in  order  to  study  each  independently  of  the  other. 

The  area  curve  can  be  definitely  determined  from  accurate  soundings  extending  to  the 
limits  of  high  water.  It  is  always  concave  toward  the  horizontal  axis  or  on  a  straight  line, 
unless  the  banks  of  the  stream  are  overhanging. 

'Rie  form  of  the  mean  velocity  curve  depends  chiefly  on  the  surface  slope,  the  roughness 
of  the  bed,  and  the  cross  section  of  the  stream.  Of  these,  the  slope  is  the  principal  factor. 
In  accordance  with  the  relative  changes  of  these  factors  the  curve  may  be  either  a  straight 
line,  convex  or  concave  toward  either  axis,  or  a  combination  of  the  three.  From  a  careful 
study  of  the  conditions  at  any  gaging  station  the  form  which  the  vertical  velocity  curve 
will  take  can  be  predicted,  and  it  may  be  extended  with  reasonable  certainty  to  stages 
beyond  the  limits  of  actual  measurements.  Its  principal  use  is  in  connection  with  the  area 
curve  in  locating  errors  in  discharge  measurements  and  in  constructing  the  rating  table. 

The  dischaiige  curve  is  defined  primarily  by  the  measurements  of  discharge,  which  are 
studied  and  weighted  in  accordance  with  the  local  conditions  existing  at  the  time  of  each 
measurement.  The  curve  may,  however,  best  be  located  between  and  beyond  the  measure- 
ments by  means  of  curves  of  area  and  mean  velocity.  The  discharge  curve  under  normal 
conditions  is  concave  toward  the  horizontal  axis  and  is  generally  parabolic  in  form. 

In  the  preparation  of  the  rating  table  the  discharge  for  each  tenth  or  half  tenth  on  the 
gage  is  taken  from  the  curve.  The  differences  between  successive  dischai^ges  are  then 
taken  and  adjusted  according  to  th^aw  that  they  shall  either  be  constant  or  increasing. 

The  determination  of  daily  dischf^e  of  streams  with  changeable  beds  is  a  difficult  prob- 
lem. In  case  there  is  a  weir  or  dam  available,  a  condition  which  seldom  exists  on  streams 
of  this  class,  estimates  can  be  obtained  by  its  use.  In  case  of  velocity-area  stations  fre- 
quent discharge  measurements  must  be  made  if  the  estimates  are  to  be  other  than  rough 
approximations.  For  stations  with  beds  which  shift  slowly  or  are  materially  changed 
only  during  floods  rating  tables  can  be  prepared  for  periods  between  such  changes  and 
satisfactory  results  obtained  with  a  limited  number  of  measurements,  provided  that  some 
of  them  are  taken  soon  after  the  change  occurs.  For  streams  with  continually  shifting 
beds,  such  as  the  Colorado  and  Rio  Grande,  discharge  measurements  should  be  made  every 
two  or  three  days  and  the  dischai^es  for  intervening  days  obtained  either  by  interpolation 
modified  by  gage  height  or  by  Professor  Stout's  method,  which  has  been  described  in  full 
in  the  Nineteenth  Annual  Report  of  the  United  States  Geological  Survey,  Part  IV,  page 
323,  and  in  the  Engineering  News  of  April  21,  1904.  This  method,  or  a  graphical  applica- 
tion of  it,  is  also  much  used  in  estimating  flow  at  stations  where  th^  bed  shifts  but  slowly. 

COOPERATION  AND  ACKNOWLEDGMENTS. 

Most  of  the  measurements  presented  in  this  paper  have  been  obtained  through  local 
hydrographers.  Acknowledgment  is  extended  to  other  persons  and  corporations  who  have 
assisted  local  hydrographers  or  have  cooperated  in  any  way,  either  by  furnishing  records 
of  the  height  of  water  or  by  assisting  in  transportation. 
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The  following  is  a  list,  arranged  alphabetically  by  States,  of  the  hydrographen  tod  J 
others  who  have  assisted  in  furnishing  and  preparing  the  data  contained  in  this  report: 

/daAo.— Supervising  engineer,  D.  W.  Ros8,n  assisted  by  L.  C.  LaRue,  Wiliiam  G.  Da  vies,  and  J.  B.  ! 
Bond.  Acknowledgments  and  thanks  are  due  the  Oregon  Short  Line  Railroad  for  traos{K>rtAtioa  j 
furnished  the  distrtet  engineer  and  his  assistants. 

J/ontona.— District  engineer.C.C.  Babb,t>  assisted  by  L.  R.  Stockman,  H.  M.  Morse,  and  J.H.St 
Acknowledgments  are  due  the  Northern  Pacific  Railway  for  transportation  furnished  the  hydh)g- 
raphers. 

Ore^n.— District  engineer,  John  T.  Whistler.^  assisted  by  Wilbur  C.  Sawyer,  E.  N.  Smith,  Ir*n 
Landcs,  and  R.  S.  Hall.  Acknowledgments  and  thanks  are  due  the  Orpgon  Railroad  and  Navigatkffi 
Company,  Southern  Pacific  Company,  Oregon  Short  Line  Railroad,  Sumpter  Valley  Railway,  and 
Columbia  Southern  Railway  for  transportation;  to  W.  G.  McDonald  for  the  use  of  his  ferry  cable  on 
John  Day  River  as  a  gaging  station,  and  to  the  Deschutes  Irrigation  and  Power  C'Orapany,  Bend,Orcg., 
for  voluntary  gage  readings. 

WasHngton.— District  engineer,  T.  A.  Noble,  assisted  by  W.  J.  LIghtfoot,  W.  C.  Muldrow,and  others. 
Acknowledgments  and  thanks  are  due  to  the  many  owners  and  managers  of  irrigation  canals  in  Yakitn* 
River  Valley  for  assistance  and  information  furnished  in  the  prosecution  of  the  work  in  that  locality. 

Wyoming.— District  hydrographer,  M.  C.  Hinderlider,**  and  resident  hydrographer.  A-  J.  Parsball. 
Acknowledgments  arc  due  for  annual  passes  over  all  their  lines  in  Wyoming  to  the  Union  Pacific;  Chi- 
cago', Burlington  and  Qulncy;  Colorado  and  Southern;  Colorado  and  Wyoming;  and  Fiemont 
Elkhorn  and  Missouri  Valley  railroads. 

COLUMBIA  RIVER  DRAINAGE  BASIN. 
DESCRIPTION  OF  BASIN. 

Next  to  the  Colorado,  Columbia  River  drains  the  largest  area  of  all  the  rivers  in  the  arid 
region,  its  drainage  including  parts  of  Washington,  Oregon,  Idaho,  Montana,  and  a  laige 
area  in  C^anada.  No  extensive  ol)servations  of  its  flow  have  been  made,  but  the  data 
obtained  indicate  that  its  discharge  is  much  greater  than  that  of  the  Colorado.  The  Colum- 
bia and  its  numerous  tributaries  are  of  great  importance,  offering  good  sites  for  water 
power  development  and  an  abundance  of  water  for  irrigation,  while  the  main  river  is  navi- 
gable for  a  cx)nsiderable  distance. 

Columbia  River  for  most  of  its  length  in  Washington  and  Oregon  flows  through  a  deep 
canyon,  and  can  not  be  economically  diverted  for  irrigation  to  any  considerable  extent, 
though  there  is  one  point  at  Priest  Rapids  where  a  very  large  amount  of  power  can  be  eco- 
nomically developed  and  considerable  land  irrigated  by  gravity  and  a  water-power  pump- 
ing plant. 

The  tributaries  which  do  not  flow  through  deep  canyons  are  extensively  uded  for  irriga- 
tion, and  afford  many  opportunities  for  the  installation  of  large  water-power  plants  and 
extensive  irrigation  development  in  the  future. 

The  following  pages  give  the  results  of  data  collected  in  the  Columbia  River  drainage 
basin  during  1905. 

COLUMIIIA  RIVER  NKAR  JULIA,  WASH. 

This  station  was  established  by  the  Reclamation  Service  March  1,  1905,  for  the  study 
of  the  rt^^imen  of  rise  and  fall  of  Columbia  River,  and  was  discontinued  October  1,  1905- 
It  is  located  near  Koppen's  house,  at  Wahluke,  near  Julia,  Wash. 

The  channel  is  straight  for  4,000  feet  above  and  3,000  feet  below  the  station.  The  cur- 
rent is  sluggish.  Both  banks  are  high,  rocky,  clean,  and  not  liable  to  overflow  during  high 
water. 

The  gage  is  on  the  north  bank  of  the  river,  and  is  in  two  sections.  The  lower  is  an  inclined 
staff,  graduated  to  read  direct  to  20  feet,  and  the  upper  is  a  vertical  staff,  graduated  (rom 
20  to  24  feet.  The  bench  mark  is  a  spike  nail  driven  into  the  base  log  at  the  southwest 
corner  of  the  observer's  house,  600  feet  northeast  of  the  gage;  elevation,  39.52  feet  above 
gage  datum.     The  gage  is  read  twice  each  day  by  Jennie  C.  Koppen. 


a  Office  of  supervising  engineer,  Boise,  Idaho. 

t>  District  office  for  1900  will  be  at  Huntley,  Mont..  H.  M.  Morse,  hydrographer  in  charge. 

c  District  oflllce  for  Oregon  and  Washington,  1900,  will  be  351  Washington  street,  Portland,  Oreg-i 


J.  C.  Stevens,  hydrographer  in  charge. 
d  Office  of  the  district  hydrographer, 


Chamber  of  Commerce  Building,  Denver,  Colo. 
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COLUMBIA    RIVER    DRAINAGE    BASIN. 
Daily  gage  height,  in  feet y  of  Cclumhia  River  near  Julian  W auk. ^  for  1905. 
Day. 
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Mar. 

Apr. 

May. 

Juno. 

July. 

Aug. 

Sopt. 

2.0 

4.8 

7.45 

12.2 

14.3 

11.75 

7.62 

2.28 

4.78 

7.5 

12.52 

14.12 

11.7 

7.4 

2.22 

4.77 

7.58 

iai2 

14.0 

11.62 

7.22 

2.42 

47 

7.6 

13.7 

13.92 

11.52 

7.12 

2.58 

4.7 

7.6 

14.05 

13.88 

11.45 

6.95 

2.7 

4-66 

7.68 

14.08 

13.82 

11.45 

6.78 

2.88 

4.6 

7.8 

14.88 

13.72 

11.4 

6.62 

3.0 

4.65 

7.95 

15.15 

13.55 

11.35 

6.5 

3.15 

4.7 

&18 

15.55 

13.4 

11.3 

6.38 

3.32 

4.7 

8.48 

15.98 

13.3 

11.25 

6.35 

3.52 

4.75 

S.7 

16.28 

13.25 

11.2 

6.28 

3.8 

4.75 

9.0 

16.48 

13.2 

11.15 

6.18 

as 

4.75 

9.0 

16.55 

13.15 

11.0 

6.15 

3.88 

4.82 

9.1 

16.72 

13.1 

11.98 

6.15 

3.9 

4.88 

9.2 

16. 85 

13.02 

10.88 

6.13 

3.98 

4.92 

9.35 

16.9 

12.92 

10.88 

6.08 

3.9f) 

4.98 

9.48 

16. 75 

12.88 

10.78 

6.0 

3.98 

5.0 

9.68 

16.4 

12.78 

10.62 

5.98 

4.0 

5.0 

9.92 

16.28 

12.68 

10.45 

5.88 

4.12 

5.08 

10.1 

16. 15 

12.5 

10.15 

5,82 

4.4 

5.18 

10.08 

15.85 

12.25 

9.9 

5.75 

4.45 

5.35 

10.12 

15.  ti5 

12.12 

9.65 

5.75 

4.6 

5.55 

10.35 

15.48 

11.98 

9.45 

5.7 

4.7 

5.9 

10.42 

15.4 

11.92 

9.2 

5.65 

4.75 

6.52 

10.5 

15.32 

11.88 

8.98 

5.65 

4.7 

6.78 

10.75 

15.22 

11.78 

&68 

5.65 

4.77 

7.05 

10.92 

15.1 

11.78 

8.45 

5.68 

4.75 

7.42 

11.2 

14.8 

11.73 

8.25 

5.78 

4.8 

7.6 

11.48 

14.68 

11.75 

8,05 

5.95 

4.8 

7.5 

11.75 

14.5 

11.75 

7.85 

6.12 

.7; 

11.95 

11.75 

7.73 

COLUMBIA  RIVER  NEAU  PASC?0,  WA.SH. 

This  station  was  established  October  15,  1904,  by  C.  B.  Cox.  It  is  located  at  the  bridge 
of  the  Northern  Pacific  Railway  1.2  miles  from  Pasco,  Wash. 

The  channel  is  curved  for  about  800  feet  above  and  straight  for  about  ono-fourth  mile 
below  the  station.  The  water  above  the  station  is  smooth.  It  becomes  swift  and  rough 
on  the  west  side  of  the  channel  600  feet  l)eIow  the  station.  Both  banks  overflow  during 
high  water.  The  bed  of  the  stream  is  composed  of  bowlders,  and  is  fairly  permanent. 
There  is  one  channel  at  high  and  two  at  very  low  stages.  The  piers  of  the  bridge,  a  bar 
600  feet  below  the  station,  and  the  movements  of  the  boat  affect  the  measurements. 

Discbarge  measurements  are  made  by  means  of  a  boat  held  from  the  bridge  by  a  one- 
fourth  inch  rope  cable  400  feet  long.  The  meter  is  lowered  2  feet  above  the  bow  of  the 
boat,  over  a  roller  on  a  projecting  plank,  and  is  controlled  by  a  windlass.  The  initial  point 
for  soundings  is  400  feet  below  the  railway  bridge,  opposite  the  center  of  the  east  pier. 

A  staff  gage  in  two  sections,  graduated  to  feet  and  tenths,  is  bolted  vertically  to  the 
third  pier  from  the  east  end  of  the  bridge.  The  lower  section  is  graduated  from  zero  to  10 
feet.  The  upper  section  is  graduated  from  zero  to  20  feet,  with  its  zero  at  the  10-foot 
mark  of  the  lower  section.  Gage  readmgs  have  been  reduced  to  the  zero  of  the  lower 
section.  The  gage  is  read  once  each  day  by  W.  B.  Sloan.  A  United  States  Geological 
Survey  standard  aluminum  bench-mark  tablet  marked  "350"  is  placed  on  the  south  side 
of  the  first  pier  Irom  the  east  end  ol  the  bridge;  elevation,  349.78  feet  above  sea  level  and 
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42.03  feet  above  gage  datum.     A  United  States  Coast  and  Geodetic  Surrey  brass  bench- 
mark  tablet  on  the  same  pier  has  an  elevation  of  44.51  feet  above  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  heights  and  dischai^e  data,  is  contained  in  Water- 
Supply  Paper  No.  135  of  the  United  States  Greological  Survey,  pages  24-25. 

Daily  gage  heighit  in  feet  ^  of  Columbia  River  near  PaseOf  Wash. ,  for  1906, 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


7.7 
7.8 
7.8 
7.8 
7.7 
7.7 
7.0 
7.6 
7.6 
7.5 
7.4 
7.3 


Feb.     Mar. 


7.3 

6.4 

7.2 

6.5 

7.1 

6.3 

7.0 

6.2 

6.9 

6.4 

6.8 

6.5 

6.9 

6.6 

7.0 

6.7 

7.0 

6.7 

7.1 

6.8 

7.1 

7.2 

7.2 

7.4 

7.3 

^•^ 

7.5 

7.5 

7.7 

7.7 

7.7 

7.8 

7.7 

7.8 

7.7 

i 

7.9 
8.0 
8.1 
8.4 
8.7 
9.0 
9.2 
9.3 
9.5 
9.6 
9.8 
10.0 
10.2 
10.2 
10.2 
10.3 
10.2 
10.2 
10.4 
10.5 
10.6 
10.7 
10.8 
10.8 
10.9 
10.9 
11.0 
11.0 
11.0 
11.0 
10.9 


\pr. 

May. 

June. 

July. 

Aug. 
16.9 

Sept. 

1 

10.9 

14.1 

18.8 

20.5 

12.7 

10.9 

13.9 

19.4 

20.3 

16.9 

12.5 

10.8 

13.8 

20.0 

20.1 

16.9 

12.3 

10.8 

13.9 

20.7 

20.0 

16.8 

12.2 

10.7 

13.9 

21.2 

19.8 

16.7 

12.0 

10.6 

14.0 

21.6 

19.6 

16.6 

11.9 

10.5 

14.0 

21.9 

19.4 

16.6 

11.7 

10.5 

14.0 

22.1 

19.2 

16.6 

11.6 

10.7 

14.2 

22.4 

19.1 

16.6 

11.3 

10.8 

14.7 

22.8 

19.1 

16.5 

11.3 

11.0 

15.3 

23.0 

19.0 

16.4 

11.2 

10.9 

15.5 

23.2 

19.0 

16.3 

11.2 

10.9 

15.6 

23.3 

18.9 

16.2 

11.2 

10.9 

15.6 

23.4 

18.9 

16.1 

11.1 

10.9 

15.6 

23.4 

18.9 

16.0 

11.1 

10.9 

15.6 

23.3 

18.5 

15.9 

11.0 

10.9 

15.6 

23.0 

18.4 

15.8 

11.0 

11.0 

15.8 

22.9 

18.2 

15.7 

10.9 

11.1 

16.1 

22.6 

18.1 

15.6 

10.9 

11.2 

16.3 

22.4 

18.0 

15.1 

10.9 

11.4 

16.6 

22.2 

17.9 

15.0 

10.8 

11.7 

16.8 

22.0 

17.5 

14.9 

10.8 

12.0 

16.9 

22.8 

17.3 

14.6 

10.7 

12.3 

16.9 

21.6 

17.1 

14.3 

10.6 

12.6 

16.9 

21.5 

17.0 

13.9 

10.6 

13.2 

16.9 

21.4 

16.9 

13.8 

10.5 

13.8 

16.9 

21.3 

16.9 

13.6 

10.7 

14.3 

17.0 

21.0 

16.9 

13.4 

10.8 

14.4 

17.5 

20.8 

16.9 

13.2 

10.9 

14.3 

17.9 

20.7 

16.9 

13.0 

10.9 

18.3 

16.9 

12.9 

1 

11.2 
11.3 
11.3 
11.5 
11.8 
11.9 
12.1 
12.2 
12.3 
12.4 
12.3 
12.1 
12.1 
12.0 
11.9 
11.8 
11.7 
11.5 
11.3 
11. 1 
11.2 
11.1 
11.0 
10.9 
10.7 
10.7 
10.7 
10.8 
10.8 
10.7 
10.6 


Nov. 

10.4 
10.3 
10.2 
10.1 
10.0 
10.0 
9.9 
9.8 
9.7 
9.6 
9.5 
9.5 
9.5 
9.4 
9.3 
9.2 
9.2 
9.1 
9.1 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
8.9 
8.9 
8.9 


Dee. 

8.9 
8.« 
8.9 
8.8 
SL7 
8.7 
II 
8.6 
8.6 
8.6 
8.5 
8.4 
8.3 
8-2 
8.2 
8.2 
8.1 
8.1 
S,l 
-  8.1 
8.0 
8.0 
8.0 
7.9 
7.9 
7.8 
7.8 
7.8 


N^vTE.— No  ice  record. 


CLARK  FORK  DRAINAGE  BASIN. 


DESCRIPTION  OF  BASIN. 


Clark  Fork  of  the  Columbia  has  its  source  in  Silverbow  County,  Mont.,  and  flows  north- 
ward until  it  receives  the  waters  of  Little  Blackfoot  River,  when  it  takes  a  more  northwest- 
erly course.  The  name  Missoula  is  usually  applied  to  that  portion  of  the  river  between  the 
junction  of  Big  Blackfoot  and  Hellgate  rivers  and  the  mouth  of  Flathead  River.  From 
that  point  to  its  junction  with  Columbia  River  it  is  called  Clark  Fork  of  the  Columbia. 

The  source  of  Bitterroot  River  is  in  the  high  mountains  which  form  the  boundary  liw 
between  Montana  and  Idaho.  It  flows  in  a  northerly  direction,  entering  Missoula  River  a 
short  distance  below  the  city  of  Missoula.  The  tributaries  on  the  east  side  drain  compara- 
tively low  hills  and  contribute  little  to  the  supply  of  the  river.  The  west-side  branches,  on 
the  contrary,  are  numerous,  draining  a  precipitous  and  heavily  wooded  area.  Their  dis- 
charge is  regulated  by  many  small  lakes,  fed  by  banks  of  snow,  which  continue  far  into 
summer  Ijefore  disappearing  altogether.  From  Hamilton  to  Missoula,  a  distance  of  48 
miles,  the  fall  of  the  river  is  350  feet,  or  7.3  feet  to  the  mile. 
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CLARK  FORK«  AT  PRIRST  RIVKR,  IDAHO. 

This  station  was  established  in  June,  1903,  by  T.  /..  Noble,  and  was  discontinued  April 
30, 1905.  It  is  located  on  the  right  bank  of  the  river,  about  1,000  feet  west  of  Priest  River 
railroad  station. 

The  channel  is  straight  for  about  2,000  feet  above  and  below  the  station.  The  right  bank 
is  hi^,  c-overed  with  underbrush,  and  not  subject  to  overflow.  The  left  bank  is  low, 
cleared,  and  liable  to  overflow.  From  the  top  of  the  left  bank  there  is  an  upward  slope  of 
about  10  per  cent.  The  water  flows  in  one  channel,  and  the  bed  of  the  stream  is  composed 
of  sand,  with  occasional  bowlders. 

Discharge  measurements  were  made  from  a  ferry  cable,  which  is  at  a  right  angle  to  (he 
stream..  The  initial  point  for  soundings  is  a  stake  on  the  left  bank  of  the  stream  and  the 
west  side  of  the  driveway.  Its  elevation  ia  2,062.11  feet  above  sea  level.  On  the  right 
bank,  IfiGO  feet  from  the  initial  point,  is  another  stake,  with  a  tack  in  its  head.  Its  eleva- 
tion above  sea  level  is  2,076.31  feet. 

.  A  wire  gage  is  fastened  to  the  railing  of  the  platform,  which  is  built  between  four  trees. 
The  bench  marks  are  as  follows:  (1)  A  United  States  Geological  Survey  bench  mark  south 
of  Priest  River  station,  at  the  northeast  comer  of  the  hotel,  from  which  all  elevations  were 
obtained;  elevation,  2,077.00  feet;  (2)  a  bench  mark  under  the  gage-board  platform;  eleva- 
tion, 2,066.19  feet;  (3)  a  bench  mark  on  a  stump  near  the  gage;  elevation,  2,073.02  feet. 
Elevatbns  refer  to  sea  level. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  100.  pp.  399-400;  136,  pp.  40-41. 
DiKb&rge:  100,  p.  400;  135,  p.  41. 
Dbcharige,  monthly:  135,  p.  43. 
Gage  heights:  100,  pp.  400-401;  135,  pp.  41-42. 
Rating  Uble:  135,  p.  42. 

DMuirge  meaauremerUs  of  Clark  Fork  at  Priest  River  ^  Idaho,  in  1905. 


Date. 


January  19.... 
Febroary3«.. 


Hydrographer. 


Laurgsard  and  Costeel. 
C.Costeel 


Width. 

Feet. 
715 
704 


I  Area  of 
section. 


Square 
feet. 
3,896 
3,498  I 


Mean 
velocity. 


Feet  per 
second. 

2.02 

1.65 


Gage 
height. 


Feet. 
42.52 
41.85 


Dis- 
charge. 


Second- 
feet. 

7,852 

5,419 


>  Ice  conditions. 


DaUy 

ffoge  height,  in 

feet,  of  Clark  Fork  at  Priest  River,  Idaho,  for  1905. 

Day. 

Jan. 

Feb. 

Mar.   1 

Apr.    i 

43.78 

43.75 

43.74 

43.8 

43.75 

43.60 

43.08 

43.68 

43.77 

43.7 

43.71 

43.77 

43.9 

43.85 

43.85 

43.89 

Day. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1    Jan.    1 

42.42 

42.5    1 

42.52 

42.55  ' 

42.57  1 

'     42..59 

j    42.6    1 

1     42.62  1 

i     ^2-^1 

'     42.62  1 

1    42.68  , 

'     42.7 

1    42.73 

'     42.71 

1     42.8 

Feb. 

42.31 
42.3 
42.29 
42.32 
42.41 
42.42 
42.48 
42.52 
42.5.5 
42.6 
42.64 
42.69 

Mar. 

43.2 

43.28 

43.31 

43.33 

43.35 

43. 45 

43.5 

43.52 

43.6 

43.55 

43.63 

43.7 

43.71 

43.73 

43.77 

Apr. 

1 

42.68 

42.67 

42.72 

42.68 

42.7 

42.60 

42.8 

42.71 

42.62 

42.62 

42.64 

41.50 

41.12 

41.24 

42.04 

42.32 

42.15 

41.3 

41.85 

42.22 

42.34 

42.4 

42.49 

42.45 

42.5 

42.75 

41.60 

42.0 

42.12 

42.29 

42.28 

42.3 

42.72  j 
42.78 

42.8  1 
42.88  1 

42.9  ! 
42.92 
43.0 
43.05 
43.09  1 
43.19 
43.35 
43.39 
43.32  1 
43.15 
43.19 
43.19  1 

43.9 

2 

43  9 

3 

43.92 

4 

43.92 

5 

43.95 

«.... 

44  01 

7 

44. 1 

8 

44.19 

9 

44.35 

10... 

44.27 

11 

44.55 

12 

44.75 

13 

44.9 

14 

45.01 

15 

1« 

a  Formerly  called  Pend  Oreille  River. 


Non.— No  loe  record. 
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Station  rating  taU^for  Clark  Fork  at  PrieM  River,  Idaho,  from  June  20,  lOai,  to  AprU  SO,  790-5. 


Qago 
height. 


Discharge. 


Feet. 

Second-fee 

41.10 

5,680 

41.20 

5,770 

41.30 

5,865 

41.40 

5,960 

41.50 

6,065 

41.60 

6,150 

41.70 

6,250 

41.80 

6,350 

41.90 

6,460 

42.00 

6,550 

42.10 

6,770 

Gage 
height. 

Discharge 

Feet. 

Second-feet 

42.20 

6,990 

42.30 

7,220 

42.40 

7,460 

42.50 

7,700 

42.60 

7,960 

42.70 

8,230 

42.80 

8,510 

42.90 

8,810 

4a  00 

9,110 

43.10 

9,420 

1 1     Gage 
1 1   height. 


Feet. 
43.20 
43.30 
4^40 
43.50 
43.60 
43.70 
43.80 
43.90 
44.00 
44.10 


I  Discharge,  i 

I j 

Second'feet.\ 

9,740 
I  10,070 
I  10,410 
10,750 
I  11,110 
I  11,480 
;  11,860 
I  12,250 
12,650 
13,050 


Gage 
height. 

Feet. 
44.20 
44.30 
44.40 
44.50 
44.60 
44.70 
44.80 
44.90 
45.00 
45.90 


Discharge. 


Second-feet 
13,470 
13,S90 
14.320 
14,760 
15,200 
15,650 
16,110 
16,570 
17,050 
21,530 


Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  baaed  on  disfdiarge 
measurements  made  dHring  1903-1905.     It  is  well  defined  above  gage  height  42.5  feet. 

Estimated  monthly  discharge  of  Clark  Fork  at  Priest  Rix^er,  Idaho,  for  1905. 


Month. 

\         Discharge  in  second-feet. 

Total  in 

j  Maximum. 

Minimum. 

5,865 
8,286 
11,400 

Mean. 

acr^feel. 

January 

February 

March 

April 

1 

;            8,510 

;            8,370 

11,750 

17, 100 

7,791 
7,316 
10.030 
12.700 

479,000 
406,300 
616,700 
755,700 

MlSSOri^  RIVKU  AT  MISSOULA,  MONT. 

This  station  was  established  July  10,  1898,  at  Iliggins  Avenue  Bridge,  Missoula,  Mont. 
Because  of  fluctuations  in  the  wat^r  surface,  the  station  was  removed  May  27,  1899,  to  the 
bridge  of  the  Bitterroot  Valley  division  of  the  Northern  Pacific  Railway,  about  one-half 
mile  downstream. 

Botli  banks  are  high  at  this  point.  The  water  is  deep  and  the  current  exceedingly  swift 
during  high  water.  At  lower  stages  it  is  comparatively  sluggish.  The  stream  bed  is  prob- 
ably shifting. 

Ordinarily  there  is  but  one  channel,  broken  only  by  two  large  crib  piers,  but  in  time  of 
flood  some  water  passes  through  a  slough  600  feet  south  of  the  bridge.  The  channel  is  con- 
siderably obstructed  by  rip  rap  and  remains  of  old  cribs  and  piers. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  railway  bridge.  The 
initial  point  for  soundings  is  at  the  right  end  over  the  northwest  abutment,  opposite  the 
center  of  the  first  angle  block  of  the  truss. 

A  standard  chain  gage  is  attached  to  a  horizontal  timber  bolted  to  a  cottonwood  tree  on 
the  right  bank  400  feet  above  the  bridge;  length  of  chain,  21.94  feet.  During  1905  the  gag© 
was  read  twice  each  day  by  Thomas  E.  Westby.  The  bench  mark  is  a  United  States  Geo- 
logical Survey  standard  iron  post  on  the  north  side  of  Front  street,  about  200  feet  west  of 
McCormick  street;  elevation,  3,194.64  fe«t  above  sea  level  (Missoula  datum)  and  32.46 
feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  of  the 
United  States  Geological  Survey  (Ann=Annual  Report;  WS= Water-Supply  Paper): 

Description:  Ann  20,  iv.  pp  490-491;  21.  Iv,  p  418;  WS  28,  pp  156-157;  38,  pp  364-365;  51.  p  432;  66,  p 
131;  85,  p  199;  100.  p  403;  13.5,  pp  28-29. 

Discharge:  WS  28,  p  109;  38,  p  305;  51,  p  432,  66,  p  131;  85,  p  199;  100.  p  403;  135,  p  29. 

Discharge,  monthly:  Ann  20,  Iv,  p  491;  21.  iv,  p  418;  22.  iv.  p  435;  WS  75.  p  198,  85,  p  201,  100,  p  405; 
135,  p  31. 
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DIschargP,  ywiriy:  Ann  20,  Iv,  p  63. 

Ottgp  heights:  WS  28.  p  163;  38.  pp  366-3G7;  51,  p  433;  G6,  p  131;  85.  p  200;  100.  p  404;  135,  p  30. 

Hydrographs:  Ann  21,  iv,  p  419;  22,  iv,  p  4*5;  WS  75.  p  199. 

Rating  Uble«:  WS  28,  p  170;  39.  p  454;    52,  p  522;  06,  p  177;  a'),  p  200;  100.  p  405;  135,  p  31. 

Discharge  meag^iremenis  of  Missoula  River  at  Missoula ,  Mont.,  in  1905. 


Date. 

ny 

drograi 
An. . . . 

)her. 

1  Width. 

AreAof 
section. 

Mean 
velocity. 

Oage          Dis- 
height.   '  chaigo. 

Aprfll? 

Mays 

L.  R. 
J.  H.  { 
do 

Stockm 
31oan . . 

Sou 
Feet.        Je 

163 

169 

Mre 
et. 

757 

860 

,015 

,236 

918 

778 

665 

673 

764 

Feet  per 
second. 

1.74 

2.05 

a  89 

4.06 

2.52 

1.52 

1.34 

1.35 

1.65 

Feet. 
a  16 

aso 

466 
5.44 
400 

aoo 

2.  .56 
2.67 
2.9.5 

8e 

} 

cond- 
feet. 

1,320 

1,766 

3,950 

5,016 

2,310 

1,181 

888 

907 

MAy22 

184 
283 

1 
1 

June  16.   .  . 

do 

do 

do 

do 

.  ..do 

July  10 

August  11 

Septembers... 
Octobers 

and  Sl< 

■>an 

.|        170 
163 
158 
154 
164 

Oclolicr  24 

Morse 

1,221 

Daa\ 

/  gage  height, 

in  feet 

Mar. 

a  7 
a  45 
a  38 

a42 
a4 
a4 
a  35 
a32 
a25 
a  15 
ao2 

2.9.5 
2.95 

ao5 

a  18 

a25 

a25 

a  25 

a25 

a25 

a2 

a  2 

a2 

a  15 

ai 

ai 

ai 

a  15 

a  15 

a  12 

ai 

Janua 

,ofM 
Apr. 

ai 

ai 

ai 

ai 

ao5 

a  08 

a  15 

a2 

a2 

a2 

a  12 

ai 

a  18 

a25 

a2 

a  12 

ai 

a  15 

a  18 

a32 

a3 

as 

a36 

a  42 

as 

a58 

a6 

ass 

as 

as 



ry  and 

issoula  Rir^er  ai  Mii 

soula,  Mont., 

Aug.     Sept.  1 

a  38       2.  .58  ' 
as        2.55  1 
as    1     2..55 
as    1    2. 55  1 
a  25       2.55  i 

for  19 

Oct. 

2.65 

2.65 

2.  75 

2.75 

2.75 

2.7 

2.7 

2.75 

2.82 

2.8 

2.8 

2.8 

2.8 

2.75 

2.8 

2.8 

2.8 

2.85 

2.85 

2.85 

2.9 

2.95 

ai 

a  05 
ao 
ao 

2.95 

2.88 

iber  24 

06. 
Nov. 

2.78 

ao 

2.95 
2.95 
2.98 

ao 
ao 
ao 

2.98 

2.95 

2.95 

2.95 

2.95 

2.95 

2.9 

2.85 

2.85 

2.85 

2.85 

2.9 

2.95 

2.95 

2.95 

2.95 

2.95 

2.95 

2.92 

2.9 

2.85 

2.7 

Day. 

Jan. 

Feb. 

2.65 

2.65 

2.65 

2.65 

2.7 

2.85 

2.92 

ao 

ao2 

ao5 

ai 

ai 

ao5 

ao5 

ao5 

ai 

ai 

ai 

a  15 

a25 

a2 

a3 

a  38 

a  52 

a6 

a  75 

4.0 

a  92 

during 

May. 

as 
as 

.Tune. 

July. 

5.02 

4.95 

4.9 

4.78 

4.7 

Dec. 

1 

5.3 
5.48 

2.9 

2 

2.95 

3 

as    1    5.72 
a  45       5.  75 
a45  '    5.8 

2.95 

4 

2.95 

5 

2.95 

6 

a  35  1     5. 92  1     4.  .V> 
a  35       6. 16       4.  35 
a  42  1    6.  4r>  1     4. 22 
as    1     6.4    j     4.12 
4.1         6.35       4.05 
4.05  1    6.18  1    a  98 
4.05  I    6.05  1    ass 
4.0    '    5.95       as 

a  95  1   5.  a5  1   a  7 

a95       5.7     1     a62 

a9   1   5.48     ass 

4.0    1     4.92  1     as 

a2 
a  12 
ao8 

2.52  1 

2.45| 
2.46  i 

2.92 

7 

2.75 

2.9 

8 

2.92 

9 

a  02  1    2.  42 
ao    1    2.55 
ao         2.55 
2.95  1    2.55  ' 
2.9    1    2.52  j 
2.88       2.5 
2.85       2.5    1 
2.85  j     2.5    , 
2.9         2.5 
2.95  j    2.5    1 
2.88  1    2.6 
2. 82       2. 5 
2.8         2.55  1 
2. 78  1    2. 55 
2.62  1    2.55  ' 
2.65  1    2.5    ' 
2.65  1    2.5    1 
2.65       2.5 
2.65  1    2.52  1 
2.65       2.6    1 
2.6.5  1    2.6 
2.65  1    2.65  1 

2.6     ' 

1 

-13,  and  Noven 

2.95 

10 

2.95 

11 

2.95 

12 

2.95 

13 

2.95 

14 

^as 

2.95 

15 

2.95 

16 

2.95 

17 

2.95 

18 

4.22 

4.38 

4.5 

4.6 

4.78 

4.7 

4.68 

4.48 

4.38 

4.4 

4.42 

4.5 

- 

4.98 

5.12  ]   as 
4.92     as 

4.8    1    a  42 
4.7     j    a  35 
4.52  '     a  32 

4.75  1    a  28 
4.98  1    a25 
6.05       ^'M 

2.95 

19 1 

2.98 

20 ' 

ao 

21 

22 

ae 

ao 
ao 

23 f 

ao 

24 

ao 

1 

ai 

'-'..  . 

a3 

a2 

a25 

a2 

a28 

as 

frozen 

5.05 
5.68 

a2 
a  28 

ai 

.7 

ai 

2S 

2) 

3D 

31 

5. 5.5       a  35 

5.  38      a  a5 

5.2         a  65 

1     a  42 

ai 
ai 
a  15 
a  15 

Note. -River 

: 

February,  March  12 

to 

Dei 

«ral)er 
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8TBEAM    MEASUREMENTS    IN    1905,   PART    XIV. 


Station-  rating  tahlefor  Missoula  River  at  Missoula ^  Mont,  ^  from  January  1  to  December  SI, 

1906. 


Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

I 

'     Gage 
height. 

Feet. 

Discharge. 

1     Gaee 
1  height. 

1 

Feet. 

Discharge. 

Feet. 

Feet. 

Second-feet. 

Second-feet. 

Second^eet. 

2.40 

735 

3.30 

1,485 

4.20 

2,570 

5.00 

4,050 

2.50 

800 

3.40 

1,590 

430 

2,720 

1        5.20 

4,510 

2.60 

870 

3.50 

1,700 

4.40 

2,880 

1        5.40 

5,000 

2.70 

945 

3.60 

1,810 

450 

3,050 

1        5.60 

5,530 

2.80 

1,025 

3.70 

1,930 

460 

3,230 

1        5.80 

6.100 

2.90 

1,110 

3.80 

2,050 

4  70 

3,420 

6.00 

6,710 

3.00 

1,200 

3.90 

2,170 

4  80 

3,620 

6.20 

7,370 

3.10 

1,290 

4.00 

2,300 

490 

3,830 

6.40 

8,110 

3.20 

1,385 

1      4.10 

i 

2,4.30 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  Is  based  on  15  dischai^  inearare- 
ments  made  during  1904-5.    It  is  fairly  well  defined  throughout. 

Estimated  monthly  discharge  of  Missoula  River  at  Missoulaf  Mont. ,  for  1905. 
[Drainage  area,  5,960  square  miles.] 


Month. 


14-31. 


March  1-11 

April 

May 

June 

July 

August 

September 

October 

November  1-23 


The  period . 


Discharge  in  second-feet. 


Maximum. 


1,930 
1,810 
4,006 
8,310 
4,096 
1,569 
908 
1,290 
1,200 


Minimum. 


1,218 

1,245 

1,538 

3,086 

1,385 

870 

748 

908 

1,009 


Mean. 


1,427 
1,442 
2,497 
5,429 
2,182 
1,132 
819 
1,009 
1.140 


Total  in 
acre-feet. 


82,080 
85,800 
153,500 
323,000 
134,200 
09,600 
48,730 
65,730 
52,000 


1,015,000 


Run -off. 


Second-feot  n«,,*h ;- 


0.239  ' 
.242  I 
.419 
.911  i 
.366 
.190  ' 
.137  I 
.179  ^ 
.191 


a25^ 

.m 

.483 
1.02 

.422 
.219 
.1S3 
.306 
.163 


Note.— No  estimate  for  ice  period. 
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BIG  BLACKFOOT  RIVER  NEAR  BONNER,  MONT. 

This  station  was  established  in  July,  1898.  It  Lb  situated  a  short  distance  above  the  junc- 
tioD  of  Big  Blackfoot  with  Hellgate  River,  at  the  county  highway  bridge,  one-half  mile  west 
of  B(Hiner  and  6  miles  east  of  Missoula.  The  station  was  abandoned  October  31,  1905, 
because  of  a  dam  which  was  being  erected  in  Hellgp'^  River  just  below  the  mouth  of  the 
Big  Blackfoot. 

The  power  dam  of  the  Big  BUickfoot  Milling  Cc.rpany,  about  1,000  yards  above  the  sta- 
tion, interferes  with  the  natural  flow  of  the  water,  the  opening  and  closing  of  the  gates  caus- 
ing abrupt  changes  in  river  height.  The  channel  at  the  station  is  straight  for  some  distance. 
Both  banks  are  hi^  and  rocky  and  are  covered  with  brush  and  trees.  Neither  bank  is 
subject  to  overflow.  The  bed  of  the  stream  is  rocky  and  covered  with  cobble  and  bowlders. 
It  is  not  hable  to  change.  The  depth  of  the  water  varies  £rom  4  to  10  feet.  The  current  is 
very  swift  and  a  stay  line  is  necessary  for  the  meter  at  all  but  the  lowest  stages. 

Discharge  measurements  are  made  from  the  lower  side  of  the  bridge,  the  initial  point  for 
aoondiDgs  being  at  the  left  bank. 

A  standard  chain  gage  is  attached  to  the  downstream  guard  rail  of  the  bridge;  length  of 
chain,  20.68  feet.  During  1905  the  gage  was  read  twice  each  day  by  Charles  Anderson. 
Bench  marks  were  established  as  follows:  (1)  A  temporary  bench  mark  of  the  topographic 
division  of  the  United  States  Geological  Survey,  consisting  oi  a  cross  cut  in  the  northeast 
comer  of  the  top  of  the  northeast  abutment  of  the  Northern  Pacific  Railway  bridge  near 
Bonner;  elevation,  3,290.30  feet  above  sea  level.  (2)  A  standard  United  States  Geological 
Survey  iron  post  located  in  front  of  John  McCormick's  house  just  east  of  the  highway 
bridge;  elevation,  3,246.04  feet  above  sea  level.  The  zero  of  the  gage  is  3,230.70  feet  above 
sea  level.    All  elevations  refer  to  the  Missoula  datum. 

Information  in  regard  to  this  station  is  contained  in  the  following  pubhcations  of  the 
United  States  Geological  Survey  (Ann = Annual  Report;  WS= Water-Supply  Paper): 

Description:  Ann  20,  tv,  p  491;  WS  28.  pp  155-156;    38,  p  302;  51,  p  430;  66,  p  130;  100,  pp  410-411;  135, 
P32. 
Diachaige:  W8  28.  p  168;  38.  p  Si:2;  51,  p  430;  66,  p  130;  85,  p  216;  100,  p  411;  135,  p  33. 
DiBchaige,  monthly:  Ann  20,  iv,  p  491;  21,  iv,  p  416;  22,  iv,  p  433;  WS  75,  p  196;  100,  p  413;  135,  p  34. 
Dlicharge,  yearly:  Ann  20,  iv,  p  62. 

Gage  beigbUi:  WS  28.  p  163;  38,  p  363;  51,  p  431;  66,  p  130;  100.  pp  41 1-412;  135.  p  33. 
'ydrographs:  Ann  21,  iv,  p  416;  22,  Iv,  p  434. 
iting  Ublcs:  WS  28,  p  170;  39,  p  454;  52,  p  522;  66,  p  177;  100,  p  412;  135.  p  34. 

Dischtirge  measurements  of  Big  BlacJrfoot  River  near  Bonner ^  Mont.,  in  1906. 


i'utc 


Hydrographer. 


Aprill7 L.  R.  Stockman. 

MmyS J.H.Sloan 

Si«y22 do 

June  16 do , 

July  10 1 do 

August  10 do 

September  5 . .  J do 

Octobers.. 
October  24.. 


do 

Morse  and  Sloan. 


wiHfh  I  Areaol       Moan 
wmtn.|  auction.  ,  velocity. 


Feet.   I 
120  I 

120  I 
127  I 
133  I 
125 

121  I 
119  i 
119 
118 


Square      Feet  per 
feet,      '  second. 

1.14 


428  I 
445  I 
614 
677  I 
565  i 
460 
405  I 
405  , 
415  j 


1.55 
3.15 
4.07 
2.26 
1.46 
1.06 
1.08 
1.02 


Oa« 
heigh 


Feet. 

0.30 

.46 

2.04 

2.80 

1.32 

.60 

.36 

.35 

.21 


Dis- 
charge. 

Second- 
feet. 

486 

690 

1.936 

2,754 

1.278 

673 

432 

438 

425 
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Daily  gage  heighty  infeet^  of  Big  Blaclcfoot  River  near  Bonner,  Mont. ,  for  1906. 


Day. 

Jan. 

0.75 
.6 
.45 
.4 
.25 
.3 
.45 
.6 

1.2 
.75 
.7 

Feb. 

Mar. 

Apr. 

May. 

June,  i  July. 

1 

Aug. 

0.7 
.75 
.75 
.7 
.7 
.7 
.65 
.6 
.6 
.6 
.6 
.6 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.4 
.4 
.4 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 

Sept.  1 

0.3 

.25  1 

.25 

.3 

.25 

.25 

.25 

.25 

.15 
.15 

.15  1 
.2    ' 
.25' 
.25  1 

.15 
.2    ' 

■2    i 

.25  j 

•2    1 

.15| 

.15 

.15 

.15, 

il 

.3 

.35! 
.3    , 

.4 

-    1 
1 

1 

Oct. 

1 

2.3 

1.95 

1.85 

2.2 

2.1 

2.2 

2.1 

2.2 

2.4 

2.35 

2.35 

2.06 

2.5 

2.6 

2.8 

2.6 

2.65 

2.4 

2.3 

2.35 

2.15 

2.25 

2.05 

1.6 

1.4 

1.45 

1.3 

..3 



1.0 
.7 
.56 
.45 
.46 
.45 
.35 
.35 
.3 
.35 
.25 
.05 
.2 
.25 
.25 
.2 
.26 
.25 
.2 
.3 
.35 
.3 
.25 

i 

.25 
.25 
.25 
.25 

0.2 
.2 
.25 
.25 
.15 
.2 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.2 
.25 
.2 
.22 
.3 
.25 
.3 
.3 
.3 
.3 
.35 
.4 
.6 
.65 
.75 
.7 
.7 

0.7 
.8 
.76 
.8 
.7 
.7 
.75 
.8 
1.0 
1.35 
1.3 
1.3 
1.3 
1.25 
1.2 
1.2 
1.2 
1.45 
1.65 
1.75 
1.&5 
2.0 
1.85 
1.75 
1.65 
1.7 
1.7 
1.75 
1.85 
2.2 

1      '■' 

2.8          1.9 
3.06         1.8 
3.25         1.8 

3.4  1.7 
3.55  i      1.6 
3.85        1.55 
3.8          1.5 
3.75         1.4 
3.85         1.35 
3.75         1.3 
3.6          1.25 

3.3  1      1.2 
3.35  1      1.16 
3.25  j      1.1 

3.0  1      1.05 

2.8  1      1.0 
2.6    1      1.0 

2.5  '      1.0 

2.4  [      1.0 
2.25  1        .9 

2.1  1        .9 

2.1  .9 

2.2  1        .8 
2.2    1        .8 
2.1    1        .8 
2.16  ,        .8 
2.25  i        .8 
2.15  1        .85 

2.05  1        .9 

1.9  1        .8 

1        .8 

1 

0.3 

2 

.4 

3 

.S 

4 

.3 

5 

.25 

6....; 

.3 

7          

.3 

8 

-25 

9 

.35 

10 

.3 

11 

.4 

12 

.4 

13 

.3 

14 1 

,4 

15 1 -. 

.3S 

16 

.1!t 

17 

.35 

18 

.5 

19 

.1 

20 '..     . 

.45 

21 1 

.4 

22 1 

.15 

23 1 

.3 

24 1 

.4 

25 

.4 

26 

.56 

.4 

.3 

.15 

.2 

.4 

.£ 

27 

.3 

28 

.35 

29 

.25 

30 

.25 

31 

.25 

Note.— River  frozen  January  12-25,  also  February  1-28. 
etation  during  February. 


Readings  to  top  of  ice.    Ice  gorge  bekm 


Station  rating  table  for  Big  Blackfoot  River  near  Bonner,  Mont.,  from  January  1  to  Odobtr 

31, 1906. 


Gage 
height. 

Feet. 

1 
Discharge. , 

j 

heiSt. 
Feet. 

Discharge. 

1     Gage 
height. 

1 
Discharge.  | 

! 
Second-feet.^ 

Gage 
height. 

Discharge.! 

1 

Second-feet. 

Second-feet. 

Feet. 

Feet. 

! 

Secondrfeet.^ 

0.10 

340 

1.10 

1,030 

]        2.10 

1,970    1 

3.10 

3,150   1 

0.20 

390 

1.20 

1,120 

1        2.20 

2,080    1 

3.20 

3,290    1 

0.30 

440    \ 

1.30 

1,210 

2.30 

2,190    ' 

3.30 

3,430    1 

0.40 

500 

1.40 

1,300 

2.40 

2,300    ' 

3.40 

3,500 

0.50 

560 

1.50 

1,390 

:        2.50 

2,420    1 

3.50 

3,750    ' 

0.60 

630 

1.60 

1,480 

2.60 

2,640    1 

3.60 

3,910    ! 

0.70 

700 

1.70 

1,570 

2.70 

2,660    1 

3.70 

4.000 

0.80 

770 

1.80 

1,660 

2.80 

2,780    ' 

3.80 

4,270    1 

0.90 

850    ' 

1.90 

1,760 

2.90 

2,900 

3.90 

4,450 

1.00 

940 

2.00 

1.860 

3.00 

3.020 

4.00 

4,630    ' 

Note.  —The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  17  discharge 
measurements  made  during  1904-1905,  and  is  fairly  well  defined  throughout. 
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Estimated  monthly  discharge  of  Big  Blackfoot  River  near  Bonner ^  Mont. y  for  1906. 
[Drainage  area,  2,465  square  miles.] 


Month 


Janoary  1- 

March 

April 

May 


Discharge  in  second-feet. 


Maximum. 


Juue 

July 

Aagust 

September. 
October 


1,120 

940 

735 

2,420 

4,360 

1,760 

735 

500 

560 


The  period. 


Minimum. 

365 
320 
365 
700 
1,760 
770 
440 
340 
365 


Mean. 


I  Run-off. 

Total  In    '"^nrt .f„t' 
acie-feet.     ?^r^ti«^  Depth  in 


572 

18,150 

450 

28,220 

463 

27,550 

1,204 

79,560 

2,936 

174,700 

l,t79 

66,350 

565 

34,740 

407 

24,220 

465 

28,500 

I 


482,100 


mile. 

0.232 

0.138 

.186 

.214 

.188 

.210 

.525 

.605 

1.19 

1.33 

.437 

.504 

.229 

.264 

.165 

.184 

.189 

1 

.218 

Note.— No  estimate  for  ice  period. 

BITTERROOT  RIVER  NEAR  GRANTSDALE,  MONT. 

This  station  was  established  April  25,  1902.  It  is  located  on  the  highway  bridge  2  miles 
southwest  of  Grantsdale  and  5  miles  southwest  of  ilamilton,  Mont.  Two  large  ditches — 
the  New  Hedge  and  the  Republican — are  taken  out  of  the  river  some  distance  above  the 
station.    They  irrigate  extensive  farm  lands  and  orchar'  ^  in  the  vicinity  of  Hamilton. 

The  channel  is  straight  both  above  and  belo^  t'je  Jon.  The  stream  has  a  moderate 
velocity  at  ordinary  stages,  but  is  extremely  swiH  ir  uigh  water.  The  right  bank  has  a 
gentle  slope  for  about  100  feet,  when  it  terminates  at  a  high  bank  which  is  not  liable  tc 
overflow.  The  left  bank  is  high  and  formed  above  the  bridge  by  a  railway  fill.  The  bed 
of  the  stream  is  composed  of  gravel  and  bowlders. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  highway  bridge, 
with  the  aid  of  a  stay  wire.  The  initial  ]>oint  for  soundings  is  a  notch  on  the  hand  rail 
over  the  northwest  bridge  pier  at  the  left  bank. 

A  standard  chain  gage  b  fastened  to  the  downstream  truss  of  the  bridge;  length  ol 
chain,  23.33  feet.  During  1905  the  gage  was  read  once  each  day  by  T.  J.  Holt.  Bench 
marks  were  established  as  follows:  (1)  A  wire  nail  driven  in  the  northeast  side  of  a  pine 
stump  across  the  road  from  the  west  end  of  the  bridge;  elevation,  24.40  feet.  (2)  The 
northwest  bolt  in  the  northwest  abutment  plate  of  the  bridge ;  elevation,  19.36  feet.  Eleva- 
tions refer  to  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey : 

DeKription:  85,  p  201;  100,  p  408;  135,  p  35. 
DlichaiKe:  86,  p  202;  100,  p  408;  135,  p  36. 
Discharge,  monthly:  85,  p  203;  100,  p  410;  135,  p  37. 
Gage  beigfaU:  85,  p  202;  100,  p  409;  135.  p  36. 
Rating  tables:  86,  p  203;  100,  p  409;  135,  p  36. 
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'  Discharge  measurements  of  Bu'erraot  River  near  OrarUsdahf  Mont.,  in  1906. 


Date. 


April  18 

May  6 

May  23 

June  17 

July  11 

August  11 . . . 
September  6. 

October  4 

October  25. . . 


Hydrographer. 


Stockman  and  Sloan. 

J.  H.  Sloan 

....do 

do 

....do 

....do 

....do....; 

....do 

Morse  and  Sloan 


Width. 


Feet. 
170 
170 
182 
183 
183 
168 
156 
168 


Area  of 
section. 

Mean 
velocity. 

V 

Feet  per 
second. 

412 

1.73 

420 

2.17 

562 

3.43 

588 

3.85 

516 

2.63 

268 

.75 

221 

.33 

259 

.64 

298 

1.06 

Dis- 
cbais^. 


eet. 

Seand- 
feeL 

2.22 

m 

2.42 

jifl 

3.22 

1.9» 

3.50 

2,365 

2.88 

1.356 

1.51 

200 

1.21 

W 

1.46 

i«r 

1.70 

3U 

Day. 


Daily  gage  height^  in  feet,  of  Bitterroot  River  near  OranisdaU,  Mont.,  for  1905. 
Jan. 


1. 
2 
3 
4 
5 
6. 
7. 
8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


1.85 

1.85 

1.75 

1.75 

1.75 

1.65 

1.65 

1.65 

1.65 

1.85 

1.95 

1.95 

2.15 

2.25 

2.35 

2.35 

2.35  I 

2.35  i 

1.75  I 

1.75  1 

1.75  I 


Feb. 


1.95 
1.95 
1.96 
1.95 
1.95 
1.95 
1.95 
2.05 
2.05 
2.15 
2.15 
2.25 
2.35 
2.45 
2.45 
2.45 
1.95 
1.95 
1.85 
1.85 
1.85 


1.65 

1.85 

1.65 

1.75 

1.65 

1.75 

1.65 

1.75 

1.65 

1.75 

1.65 

1.65 

1.65 

1.65 

1.65 

1.65 

1.65 

Mar. 

Apr. 

May. 

1.65 

1.75 

2.8 

1.65 

1.75 

2.7 

*1.76 

1.76 

2.6 

1.75 

1.76 

2.5 

1.85 

1.95 

2.4 

1.85 

1.95 

2.4 

1.95 

2.15 

2.5 

1.95 

2.15 

2.6 

1.95 

2.25 

2.8 

1.95 

2.25 

2.9 

1.95 

2.15 

2.8 

1.85 

2.15 

2.7 

1.85 

2.05 

2.6 

1.95 

2.05 

2.6 

1.95 

2.05 

2.5 

1.95 

2.15 

2.5 

1.95 

2.05 

3.1 

2.05 

2.15 

3.5 

2.05 

2.2 

3.4 

2.05 

2.5 

3.5 

1.95 

2.6 

3.4 

1.95 

2.6 

3.3 

1.95 

2.8 

3.2 

1.95 

3.0 

3.1 

1.95 

3.2 

3.0 

1.95 

3.4 

2.9 

1.95 

3.2 

3.0 

1.95 

3.0 

3.1 

1.95 

2.9 

3.1 

1.85 

2.8 

3.6 

1.85 

4.0 

1 

June. 


4.3 
4.5 
4.6 
4.6 
4.6 
4.3 
4.2 
4.3 
4.9 
4.5 
4.5 
4.4 
4.3 
4.2 
4.0 
3.8 
3.5 
3.3 
3.2 
3.2 
3.2 
3.4 

3.6  I 

3.7  I 
3.7  I 
3.7  1 
4.1  I 
3.9  ! 
3.7  I 
3.6  I 


July. 


3.6 
3.5 
3.4 
3.4 
3.3 
3.2 
3.0 
2.9 
2.9 
2.8 
2.8 
2.7 
2.6 
2.5 
2.5 
2.4 
2.4 
2.3 
2.3 
2.2 
2.2 
2.1 
2.1 
2.1 
2.0 
2.0 
2.0 
1.9 
1.9 
1.8 
1.8 


Aug.  I  Sept. 


Oct.  I  Nov.     Dec. 


1.8 

1.2, 

1.8 

1.2 

1.8 

1.2 

1.7 

1.2 

1.7 

1.3 

1.7 

1.3 

1.6 

1.2 

1.6 

1.2 

1.5 

1.2 

1.5 

1.2 

1.4 

1.2 

1.4 

1.2 

1.4 

1.1 

1.4 

1.1 

1.3 

1.1 

1.3 

1.1 

1.3 

1.1 

1.3 

1.1 

1.3 

1.0 

1.4 

1.0 

1.4 

1.0 

1.3 

1.0 

1.3 

1.1 

1.2 

1.1 

1.4 

1.1 

1.3 

1.2 

1.3 

1.2 

1.2 

1.3 

1.2 

1.4 

1.2 

1.4 

1.2 

1.5 

1.6 

1.6 

1.5 

1.6 

1.6 

1.5 

1.6 

1.6 

1.4 

1.6 

1.6 

1.4 

1.6 

1.6 

1.4 

1.6 

2.0 

1.4 

1.6 

2.0 

1.4 

1.5 

1.9 

1.5 

1.5 

2,1 

1.5 

1.5 

2.1 

1.5 

1.5 

2.1 

1.6 

1.5 

2.1 

1.6 

1.5 

2.1 

1.7 

1.5 

2.0 

1.7 

1.5 

l.J 

1.7 

1.5 

1.8 

1.7 

1.6 

1.8 

1.6 

1.6 

1.8 

1.6 

1.6 

2.1 

1.6 

1.6 

2.1 

1.6 

1.6 

2.1 

1.6 

1.6 

2.0 

1.5 

1.7 

2.0 

1.5 

1.7 

2.0 

1.6 

1.8 

2.0 

1.7 

1.8 

2.0 

1.7 

1.7 

1.6 

1.7 

1.7 

1.6 

1.7 

*^ 

1.: 

1.7 

1.7  1 

1.8 

1.7 

i 

1.8 

Note.— Ice  conditions  January  1-18,  February  1 
Increased  from  0.3  to  0.9  foot  in  thickness.    Readings 


18,  December  6-27. 
are  to  top  ol  ice. 


During  February  the  ice 
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Station  rating  tahUfor  BitUrroot  River  near  Grantadale^  Mont.yfrom  Janiuiry  1  to  December  31, 

1905. 


Gage 
height. 

Discharge. 

,     Gage 
height. 

Discharge. 

Gaee 
height. 

Discharge. 

Gaee 
height. 

Discharge. 

/•«/. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.10 

15 

2.10 

635 

3.10 

1,695 
1,825 

4.10 

3,435 

1.20 

50 

2.20 

725 

3.20 

4.20 

3,660 

1.30 

95 

2.30 

820 

3.3lf 

1,965 

4.30 

3,885 

1.40 

145 

2.40 

920 

3.40 

2,105 

4.40 

4,110 

1.50 

200 

2.50 

1,020 

3.60 

2.265 

4.50 

4,335 

i.eo 

2m 

2.60 

1,120 

3.60 

2,435 

4.60 

4,560 

1.70 

325 

2.70 

1,225 

3.70 

2,615 

4.70 

4,785 

1.80 

305 

2.80 

1,335 

3.80 

2,805    1 

4.80 

5,010 

i.do 

470 

2.90 

1,460 

3.90 

3,005    1 

4.90 

5,235 

2.00 

550 

3.00 

1,570 

4.00 

3,215    ' 

1 

5.00 

5,460 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  Is  based  on  J6  discharge 
measurements  made  during  1904-5.    It  is  well  defined  throughout. 

EgtimaUd  monthly  discharge  of  BiUerroot  River  near  Orantsdale,  Movi.^for  1905. 
[Drainage  area,  1,550  square  miles.] 


Month. 


January  19-31 . . 
February  19-28. 

March 

-\prU 

May 

Jane 

July 

August 

September 

October 

November 

December  1-5... 


Dischaiige  in  second-foet. 


Maximum. 


The  period. 


392 

428 

592 

2,105 

3,215 

5,235 

2,435 

395 

145 

325 

395 

260 


Minimum. 


360 
360 
360 
920 
1,825 
395 
50 
5 
145 
200 
260 


Mean. 


385 

394 

485 

915 

1.544 

3,276 

1,111 

168 

44 

247 

264 

260 


Total  in 
acre-feet. 


9,927 

7,815 
29,820 
54,450 
94,940 
194,900 
68.310 
10.330 

2.636 
15.190 
15,710 

2,578 


506,600 


Run-off. 


Second-feet 

per  square 

mile. 


0.248 
.254 
.313 
.590 
.996 

2.11 
.717 
.108 
.029 
.150 
.170 


Depth  in 
inches. 


0.120 
.094 
.361 
.658 
1.15 
2.35 
.827 
.124 
.032 
.183 
.190 
.031 


Note.— No  estimate  for  ice  period. 

PRIEST   RIVER  AT  PRIEST  RIVER,  IDAHO. 

This  station  was  established  in  June,  1903,  by  T.  A.  Noble,  and  discontinued  April  90^ 
1905.  It  is  located  at  the  highway  bridge  on  the  road  from  the  railroad  station  at  Priest 
River  to  Priest  Lake. 

The  channel  is  straight  for  500  feet  above  and  200  feet  below  the  bridge.  Both  banks 
are  high,  wooded,  and  not  liable  to  overflow.  Extending  from  each  pier  of  the  single-span 
bridge  to  the  bank  is  a  breakwater  composed  of  piles  faced  with  planks.  These  break- 
waters make  the  current  sluggish  between  the  piers  and  the  banks.  Under  the  main  span 
of  the  bridge,  a  distance  of  120  feet,  the  current  is  swift*  The  bed  of  the  stream  is  com- 
posed of  gravel. 
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Discharge  measurements  were  made  from  the  downstream  side  of  the  bridge.  The 
initial  point  for  soundings  is  the  bolt,  around  which  a  circle  has  been  painted,  at  the  end  of 
the  guard  rail  at  the  right  bank. 

A  vertical  staff  gage  is  nailed  to  a  pile  on  the  downstream  side  of  the  right  pier  of  tb 
bridge.  During  the  early  part  of  1905  the  gage  was  read  once  each  day  by  Geoi^  Youi^. 
Bench  marks  were  established  as  follows:  (1)  The  bolt  in  the  guard  rail  at  the  west  cud  of 
the  bridge,  which  is  used  as  initial  point  for  soundings;  elevation,  29.04  feet..  (2)  A 
spike  driven  into  a  stump  under  th^ right  approach  to  the  bridge;  elevation,  17.48  feet. 
Elevations  refer  to  the  datum  of  the  gage.  Bench  mark  No.  1  is  2,079.7  feet  aboTe  ses 
level. 

January  18,  1905,  a  discharge  measurement  made  at  this  station  by  Laurgaard  and  Cas- 
teel  gave  the  following  results:  Width,  127  feet;  area  of  section,  321  square  feet;  metQ 
vdc^ity,  2.10  feet  per  second;  gage  height,  3.22  feet;  discharge,  637  set-ond-feet.  TTiere 
was  ice  along  the  river  banks  at  the  time  of  the  measurement. 

Information  in  regard  to  this  station  b  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  100,  p.  401;  135,  pp.  43-44. 
Discharge:  100,  p.  402;  135,  p.  44. 
Discharge,  monthly:  135,  p.  46. 
Gage  heights:  100,  p.  402;  135,  pp.  44-45. 
Rating  table:  135,  p.  45. 

Daily  gage  height,  in  feet,  of  Priest  River  at  Priefst  River,  Idaho,  for  1905. 


Day. 

Jan. 

1 

3.22 

2 

3.1 

3 

3.22 

4 

3.23 

5 

3.3 

6 

3.31 

7 

3.3 

8 

3.31 

9 

3.15 

10 

3.13 

U 

3.05 

Feb.  I  Mar. 


-I 


2.9 

3.3 

3.52 

3.63 

3.45 

3.21 

3.39 

3.49 

3.49 

3.42 

3.05 


I  3.50 

I  3.64 

I  3.74 

I  3.86 

i  3.78 

I  3.88 

,  3.91 

i  3.93 

,  3.97 
4.01 

I  4.03 


Apr. 

i  Day. 

-  i!    - 

4.68 

12 

4.6.5 

!l3 

4.61 

'  14 

4.57 

Il5 

4.54 

|ic 

4.55 

1  17 

4.55 

1  18 

4.57 

1  19 

4. 58 

'  20 

4.54 

'  21 

4.53 

1 
1 

Jan.  1  Feb. 

1 

Mar. 

Apr. 

3.52  1  3.52 

3.98  '  4.53 

3.9  1  3.71 

3.97 

4.55 

4.31  3.7 

3.95 

4.58 

3.95  3.62 

3.97 

4.6 

3.62  '  3.65 

3.99 

4.68 

3.43  1  3.66 

3.99 

4.55 

3.28  1  3.67 

4.11 

4.6 

3.26  '  :i.61 

4.14 

4.52 

3.27  1  3.62 

4.25 

4.58 

3.27  1  3.59 

1 
1 

4.51 

4.62 

Day.      Jan. 


22 1 

23 ! 

24 ! 

25 ' 

26 1 

27 i 

•^ ! 

20 i 

30 1 

■M I 


3.26 

3.27 

3.34 

3.41 

3.45 

3.5 

3.04 

3.67 

3.48 

3.45 


Feb.  '  Mar. ,  Apr. 


3.59  ' 
3.6 
3.62  I 
3.6    i 

3.81  j 
3.61  ' 


I 


4.59 
4.59 
4.68 
4.69 
4.68 
4.69 
4.69 
4.67 
4.68 
4.69 


i: 

5.11 
5.b 


Note.— No  ice  record. 


SPOKANE  RIVER  DRAINAGE  BASIN. 

DESCRIPTION  OF  BASIN. 

Spokane  River  rises  in  the  northern  part  of  Idaho,  being  an  outlet  of  Lake  Cceur  d'Alene. 
It  passes  into  Washington,  flows  in  a  westerly  direction,  and  enters  Columbia  River  near 
latitude  47*^  52'  north.     It  is  about  120  miles  long. 

CCEUR   D'ALENE    LAKE   AT   CCEUR   D'ALENE,  IDAHO. 

This  station  was  established  February  H,  1905,  to  obtain  a  record  of  the  fluctuations  of 
the  lake  surface,  and  was  discontinued  September  30,  1905. 

A  vertical  stafl"  gage  is  nailed  to  a  pile  in  front  of  Rosen's  boathouse,  400  feet  east  of  tbt 
Coeur  d'Alene  Railroad  depot.  During  1905  the  gage  was  read  once  each  day  by  JohnC 
Rosen.  The  bench  mark  is  a  United  States  Geological  Survey  standard  bench-mark  tablet 
in  the  southeast  corner  of  VViggett  &  Empi'y  Company's  brick  store  building,  37.65  feel 
above  the  datum  of  the  gage  and  2.157.(X)  feet  almvc  sea  level. 
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I\nly  gage  height,  in  feet,  ofCctwr  d*Alene  Lake  at  Caur  d'Alene,  Idaho , for  1906. 


Day. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

1.55 

1.7 

1.8 

2.0 

2.2 

2.4 

2.6 

2.7 

2.8 

2.9 

2.95 

3.0 

3.05 

3.05 

3.05 

3.0 

3.0 

3.0 

3.15 

;j.3 

3.4 

3.55 

3.65 

3.75 

3.85 

4.0 

4.15 

4.25 

4.35 

4.4 

4.35 

4.25 

4.2 

4.1 

4.0 

3.9 

3.85 

3.85 

3.85 

3.9 

4.0 

4.05 

4.05 

4.0 

4.0 

3.9 

3.9 

3.85 

3.85 

3.9 

4.0 

4.15 

4.3 

4.4 

4.55 

4.7 

4.9 

5.1 

6.25 

5.26 

5.15 

5.1 

5.0 

4.85 

4.75 

4.65 

4.4 

4.4 

4.3 

4.35 

4.6 

4.7 

4.85 

4.95 

5.0 

5.0 

5.05 

5.1 

5.15 

5.2 

5.2 

5.25 

5.25 

5.25 

5.25 

5.25 

5.2 

5.2 

5.15 

5.15 

5.15 

5.15 

5.15 

6.15 

5.15 

5.2 

5.3 

5.4 

5.45 

5.45 

5.4 

5.4 

5.3 

5.2 

5.05 

4.96 

4.8 

4.66 

4.5 

4.35 

4.2 

4.05 

3.9 

3.8 

3.75 

3.6 

3.5 

3.45 

3.4 

3.35 

3.25 

3.15 

3.1 

3.05 

2.96 

2.9 

2.8 

2.65 

2.55 

2.5 

2.4 

2.3 

2.2 

2.15 

2.05 

2.0 

1.9 

1.85 

1.8 

1.7 

1.65 

1.6 

1.55 

1.5 

1.45 

1.45 

1.35 

1.3 

1.25 

1.2 

1.15 

1.1 

1.1 

1.05 
1.0 

.95 

.95 

.9 

.85 

.8 

.8 

.75 

.7 

.7 

.65 

.65 

.6 

.6 

.56 

.56 

.5 

.5 

.5 

.5 

.45 

.45 

.45 

.4 

.4 

.4 

.4 

.4 

.35 

.35 

0.35 

2 

.3 

3 

.3 

i 

.3 

5 

.3 

6 

.3 

7 

.3 

8 

.26 

9 

.25 

10 

.25 

11 

.25 

12 

.2 

13 

.2 

14 

.2 

15 

0.85 
.85 
.8 
.75 
.8 
.8 
.8 
.8 
.9 
.95 

1.05 

1.2 

1.3 

1.45 

.2 

16 

.2 

17 

.2 

18 

.2 

19 

.2 

20 

.2 

21   

.2 

22 

.2 

23 

.2 

24        

.15 

25 

.15 

26 

.2 

27 

.26 

28 

.3 

29 

.35 

30 

.4 

31 

SPOKANE  RIVER  AT  SPOKANE,  WASH. 

This  gaging  station  was  originally  established  October  17,  1896,  by  C.  C.  Babb,  on  the 
Oregon  Railroad  and  Navigation  Company's  wooden  bridge,  about  1  mile  above  the  falls, 
where  discharge  measurements  and  gage  readings  were  taken  until  July  8,  1903,  the  gage 
datum  being  1,880  feet  above  sea  level  by  city  datum  and  1,865  feet  by  Government  datum. 

March  30,  1904,  a  cable  station  was  established  about  one-half  mile  above  the  Mission 
Street  Bridge,  or  1  mile  above  the  former  station  at  the  Oregon  Railroad  and  Navigation 
Company's  bridge.  The  station  is  equipped  with  a  c^ble,  stay  wire,  and  tag  ^re.  The  sec- 
tion here  is  a  good  one  for  stream  measurements ;  the  bed  is  composed  of  gravel  and  small 
bowlders  and  not  liable  to  change.  The  banks  on  both  sides  are  high  and  will  not  overflow. 
TTie  current,  except  at  the  lowest  stages,  is  swift. 

Since  the  date  of  establishing,  owing  to  various  conditions,  it  has  been  necessary  to  put  in 
several  gages.  During  1905  a  vertical  gage  was  fastened  to  the  inside  of  the  most  easterly 
pier  on  the  south  side  of  the  Mission  Street  Bridge,  and  was  used  until  April  17, 1905,  when  a 
new  gage  was  erected  200  feet  upstream  from  the  cable,  on  the  right  bank.  The  elevation  of 
the  zero  is  1,851.926  feet  above  sea  level.  From  0  to  21.6  feet  the  gage  is  an  inclined  sec- 
tion on  the  bank  of  the  river;  from  21.6  to  29.2  feet  it  is  a  vertical  section  fastened  to  a  tree. 

During  1905  the  gage  was  read  once  each  day,  by  A.  C.  Lingle. 

IBR  178-06 3  rr^r^n]o 
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Bench  marks  were  established  as  follows:  (1)  Top  of  a  granite  bowlder  15  feet  west  of  the 
cable  post  on  the  right  bank  of  the  river,  marked  ''B.  M."  cut  in  the  stone;  elevation,  30^ 
feet ;  (2)  chisel  draft  on  a  bowlder  between  shear  poles  and  water's  edge,  elevation  27.44  feel. 
Elevations  refer  to  datum  of  the  gage,  which  is  1,S51.93  feet  above  sea  level. 

November  24,  1905,  a  discharge  measurement  made  at  this  station  by  W.  C.  Sawyer  gave 
the  following  results:  Width,  215  feet;  area  of  section,  1,894  square  feet;  mean  velocity, 
1.11  feet  per  second;  gage  height,  1.96  feet;  discharge,  2,100  second-feet. 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  of  the 
United  States  Geological  Survey  (Ann= Annual  Rei>ort;  WS= Water-Supply  Paper): 


Deacriptlon:  Ann  18,  iv,  pp  35^-360;  20,  iv,  p  510;  WS  16,  p  177;  28,  p  1S§;  38,  pp  370-371;  51,  pp  4 

66,  p  133;  85,  pp  196-197;  100.  p  396;  135,  pp  4(V-48. 
Discharge:  Ann  18,  iv,  p  360;  19,  Iv,  p  460;  WS  16,  p  177;  28.  p  169;  38.  p  371;  51,  p  49;  135,  p  48. 
Discharge,  monthly:  Ann  19,  iv,  p  488;  20,  iv,  p  511;  21,  iv,  p  424;  22,  iv,  p  443;  WS  75.  p  200;  85,  p  Iffi; 

135,  pp  50-51. 
Discharge,  yearly:  Ann  20,  iv,  p  63. 

Oage  heights:  WSll,p88;  16,  p  177;  28.  p  166;  38, p 371;  51,  p  439;  66,  p  133;  85.  p  197;  100, p 397;  135, p 49. 
Hydrographs:  Ann  19,  iv,  p  489;  20,  iv,  p  511;  21,  iv,  p  425;  22,  iv,  p  443;  WS  75,  p  200; 
Rating  tables:  Ann  19,  iv,  p  488;  WS  28,  p  170;    39,  p  454;  52,  p  522;  66,  p  177;  85,  p  198;  135.  p  50. 


Daily  gage  height^  infect^  of  Spokane  River  at  Spckanef  Wash.,  for  1906, 


Day. 


1.. 

2.. 

3.. 

4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25., 
26.. 
27.. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 
2.05 

Mar. 
2.25  1 

Apr. 
5.0 

May. 
5.74 

June. 
5.7 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1.94 

4.07 

2.22 

1.43 

1.42 

2.3 

2.21 

2.01 

2.06 

2.37  1 

4.93 

5.63 

5.72 

4.02 

2.15 

1.46 

1.87 

2.31 

2.34 

2.09 

2.03 

2.47  • 

4.88 

5.53 

5.76 

3.97 

2.12 

1.32 

1.9 

2.32 

2.24 

2.12 

1.96 

2.61  ' 

4.82 

5.47 

5.8 

3.9 

2.11 

1.5 

1.72 

2.33 

2.31 

2.11 

1.96 

2.79  ' 

4.74 

5.4 

5.85 

3.8 

2.05 

1.31 

1.75 

2.31 

2.21 

2.11 

1.97 

3.0    ' 

4.7 

5.3 

5.87 

3.7 

2.0 

1.36 

1.8 

2.27 

2.33 

2.1 

1.97 

3.21 

4.65 

5.18 

5.94 

3.63 

1.97 

1.44 

1.92 

2.28 

2.22 

2.07 

1.99 

3.36 

4.63 

5.1 

6.0 

3.57 

1.9 

1.61 

2.03 

2.27 

2.2 

2.05 

1.99 

3.49 

4.7 

5.17 

5.92 

3.5 

1.85 

1.63 

2.12 

2.22 

2.2 

2.02 

1.96 

3.56  ' 

4.73 

5.24 

5.92 

3.42 

1.81 

1.73 

2.14 

2.21 

2.19 

1.99 

1.92 

3.6    ' 

4.78 

5.42 

5.87 

3.33 

1.94 

1.09 

2.3 

2.15 

2.17 

1.95 

1.9 

3.7    ' 

4.79 

5.51 

5.82 

3.24 

1.83 

1.62 

2.35 

2.12 

2.15 

1.9 

1.87 

3.74  [ 

4.8 

5.50 

5.76 

3.16 

1.7 

1.69 

2.43 

2.10 

2.13 

1.85 

1.85 

3.8 

4.78 

5.67 

5.66 

3.1 

1.7 

1.67 

2.4 

2.10 

2.09 

1.81 

1.83 

3.83  1 

4.74 

5.64 

5.52 

3.03 

1.65 

1.7 

2.4 

2.09 

106 

1.8 

1.82 

3.83  , 

4.71 

5.67 

5.4 

2.97 

1.63 

1.65 

2.38 

2.06 

2.© 

1.8 

1.8 

3.8    1 

4.7 

5.7 

5.22 

2.9 

1.57 

1.63 

2.4 

2.07 

2.06 

1.8 

1.79 

3.82  1 

4.69 

5.73 

5.17 

2.81 

1.62 

1.66 

2.38 

2.02 

2.1 

1.8 

1.77 

3.9    1 

4.73 

5.8 

5.05 

2.8 

1.6 

1.72 

2.36 

2.0 

2.13 

1.81 

1.78 

4.0    1 

4.77 

5.8 

4.92 

2.75 

1.58 

1.68 

2.4 

2.0 

2.19 

1.8 

1.77 

4.15  t 

4.85 

5.82 

4.8 

2.68 

1.55 

1.57 

2.33 

2.0 

2.2 

1.79 

1.78 

4.27  ' 

4.96 

5.84 

4.72 

2.62 

1.53 

1.71 

2.32 

1.99 

2.2 

1.8 

1.78 

4.37  ' 

5.08 

5.82 

4.62 

2.58 

1.52 

1.67 

2.3 

2.0 

2.21 

1.81 

1.78 

4.48 

5.15 

5.84 

4.57 

2.53 

1.5 

1.51 

2.28 

1.92 

2.2 

1.81 

1.84 

4.55 

5.3 

5.81 

4.46 

2.49 

1.46 

1.52 

2.35 

2.03 

2.19 

1.85 

1.92 

4.64  , 

5.44 

5.81 

4.4 

2.43 

l.H 

1.5 

2.36 

2.1 

2.2 

1.86 

2.0 

4.74  1 

5.61 

5.81 

4.35 

2.4 

1.44 

1.49 

2.21 

2.2 

2.2 

1.92 

2.11 

4.8S  1 

5.74 

5.8 

4.3 

2.34 

1.4 

1.3 

2.23 

2.17 

2.18 

1.99 

4.95  1 

5.78 

5.8 

4.24 

2.3 

1.38 

1.32 

2.29 

2.14 

2.17 

2.03 

5.0    1 

5.76 

5.78 

4.17 

2.27 

1.4 

1.3 

2.3 

2.19 

2.11 

2.04 

5.03  1 

5.78. 

2.24 

1.52 

2.31 

2.17 

Note.— No  ice  record. 


Digitized  byVjOOQlC 


SPOKANE   RIVER   DRAINAGE   BASIN. 


27 


Station  rating  table  for  Spokane  River  at  Spokane^  Wash.yfrom  April  i,  190^,  to  December  31  f 

1905. 


Gage 
hci^t. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

If    1 

Discharge. 
Second-feet. 

'   heigK. 
Feet. 

Discharge. 

Feet. 

Second-feet. 

1.00 

940 

2.70 

3,260 

4.30 

6,090 

6.80 

11,340 

1.10 

1,030 

2.80 

3,420 

4.40 

6,280 

7.00 

11,830 

1.20 

1,130 

2.90 

3,660 

4.50 

6,470 

7.20 

12,330 

1.30 

1,240 

3.00 

3,740 

460 

6,660 

7.40 

12,850 

1.40 

i,3eo 

3.10 

3,910 

4.70 

tf,850 

7.60 

13,380 

l.fiO 

1,490 

3.20 

4,080 

4.80 

7,050 

7.80 

13,930 

i.eo 

1,620 

a30 

4,2» 

4.90 

7,250 

8.00 

14,490 

1.70 

1.760 

3.40 

4,420 

5.00 

7,450 

8.20 

15,050 

1.80 

1,900 

aso 

4,600 

5.20 

7,850 

8.40 

15,610 

:.9o 

2,040 

3.60 

4,780 

5.40 

8,250 

8.60 

16,190 

2.00 

2.190 

3.70 

4,960    I 

5.60 

8,660 

8.80 

16,780 

2.10 

2,340 

3.80 

5.140    ; 

5.80 

9,080    ' 

9.00 

17,380 

2.20 

2,490 

3.90 

5,330    , 

6.00 

9.510 

9.50 

18,980 

2.30 

2,640 

4.00 

5,520    I 

a20 

9,950 

10.00 

20,580 

2.40 

2,790 

4.10 

5,710 

6.40 

10,400 

10.50 

22,280 

2.50 

2,940 

4.20 

5,900 

6.60 

10,860 

11.00 

23,980 

2.60 

3.100 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  20  dischai^e  raeas- 
ttremeots  made  during  1904  and  one  made  during  1905.  It  is  well  defined  lictween  gage  heights  1.4  feet 
wid  12  feet.     Above  gage  height  11  feet  the  rating  curve  is  a  tangent,  the  diflerenw  l)eing  360  per  tenth. 

EgtinuUed  monthly  discharge  of  Spokane  River  at  Spokane,  Wash.,  for  1905. 
[Drainage  an«  4,005  square  miles.] 


Month. 


January 

February 

Miith 

April 

M»y 

lane 

July 

August 

September 

October 

J'ovember 

^>«»mber 

The  year 


Discharge  in  second-feet. 

Run-ofl. 

Maximum. 

Minimum. 
1,886 

Mean. 
2,089 

Total  in 
acre-feet. 

Second-feet 

per  square 

mile. 

Depth  in 
inches. 

2,370 

128,400 

0.522 

0.602 

2,355 

1,858 

2,047 

113,700 

.511 

.532 

7,510 

2,565 

5,223 

321,200 

1.30 

1.50 

9,038 

6,717 

7,383 

439,300 

1.84 

2.05 

9,164 

7,650 

8,706 

535.300 

2.17 

2.50 

9.510 

5,843 

7.974 

474,500 

1.99 

2.22 

5,653 

2,550 

3,865 

237,600 

.965 

1.11 

2,520 

1,336 

1,780 

110,000 

.447 

.515 

1,802 

1,240 

1,555 

92.530 

.388 

.433 

2,835 

1,386 

2,472 

152,000 

.617 

.711 

2,885 

2,070 

2,411 

143,500 

.602 

.672 

2,a55 

2,235 

2,454 

150.900 

.613 

.707 

9,510 

1,240 

3.997 

2.899,000 

.m 

UM 

HANGMAN  CREEK  AT  TEKOA,  WASH. 


This  station  was  established  April  I,  1904,  by  W.  W.  Schlecht,  and  disconi iriurd  S«'|>- 
^ber  30,  1905.  It  is  located  at  the  footbridge  across  Hangman  Creek  Bh(m\  I  .fKKl  f(***t 
*bove  the  mouth  of  North  Fork  of  Hangman  Creek,  in  Tekoa,  Wash.  Thei-4!  is  u  fall  t>I 
*bout  24  feet  between  the  two  points. 
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The  channel  is  straight  for  about  75  feet  above  and  40  feet  below  the  station.  The 
current  is  sluggish.  About  50  feet  below  the  station  is  the  head  of  a  series  of  rapids.  The 
right  bank  is  fringed  with  brush  and  liable  to  overflow  to  the  railroad  embankment,  about 
50  feet.  The  left  bank  is  high,  steep,  composed  of  clay,  fringed  with  bnish,  and  not  sub- 
ject to  overflow.  The  bed  of  the  stream  is  composed  of  solid  rock  with  earth  banks  and 
b  not  liable  to  shift.    The  station  may  at  times  be  affected  by  backwater  from  North  Fork. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  footbridge.  The 
initial  point  for  soundings  is  the  center  of  a  telegraph  pole  on  the  right  bank,  marked 
with  a  20-penny  nail  and  zero. 

A  plain-staff  gage  is  attached  to  the  right  pile  bent  of  the  bridge.  During  1905  the 
gage  was  read  once  each  day  by  A.  C.  McLaughlin.  Bench  marics  were  established  m 
follows:  (1)  A  standard  United  States  GeologicAl  Survey  tablet  marked  "2537''  set  in  the 
vertical  wall  of  a  brick  house  on  the  comer  one  square  north  of  the  Bank  of  Tekoa;  clevt- 
tion,  62.11  feet.  (2)  Top  of  the  head  of  a  60-f>enny  spike  driven  into  the  telegraph  pole 
at  the  initial  point  for  soundings;  elevation,  11.41  feet.  Elevations  refer  to  the  datum  of 
the  gage. 

A  description  of  this  station,  with  gage  heights,  discharge  data,  and  rating  table,  is  con- 
tained in  Water-Supply  Paper  No.  135,  United  States  Geological  Survey,  pages  51-54. 

Daily  gage  heigJUf  in  feet,  of  Hangman  Creek  at  Tekoa,  Wash.,  for  1905. 


Day. 


1.. 

2.. 

3.. 

4.. 

5.. 

6.. 

7-. 

8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21. 
22. 
23. 
24. 
25- 
26. 
27. 
28. 
29. 
30. 
31. 


Jan.    I    Feb. 


0.1 
.1 
.15 
.1 
.1 
.9 
.9 
.8 
.75 
.7 
.65 
.65 
.65 
.65 
.65 
.65 
.65 


.6 
.6 
.1 

.18, 
.26  I 
.28  I 
.25  I 
.25  1 
.19! 

1.8    I 

1.8 

1.8 


0.9 
.9 
.5 
.5 
.5 
.4 
.4 
.4 
.3 
.3 
.1 
.2 
.3 
.3 
.4 
.5 
.6 
.6 

1.2  I 
1.6, 

1.4  I 

1.5  I 
1.7  I 
1.9  I 

.2  1 

1,9  I 


Mar. 


1.9 

1.8 

1.7 

1.7 

1.7 

1.7 

1.6 

1.5 

1.5 

1.5 

1.5 

1.5 

1.47 

1.47 

1.47 

1.47 

1.47 

1.3 

2.0 

2.0 

2.1 

2.1 

2.2  ' 

2.3  ' 
3.0  I 
3.6  I 
3.8  I 
3.35  I 
3.3  j 
3.3  I 
3.3    I. 


Apr. 

3.0 

3.0 

2.6 

2.5 

2.3 

2.2 

2.2 

2.0 

2.0 

2.0 

1.9 

1.8 

1.7 

1.7 

1.5 

1.7 

1.9 

2.0 

2.0 

2.8 

3.6 

3.3 

2.7 

2.3 

2.0 

1.9 

1.77 

1.7 

1.5 

1.5 


May.  I  June. 


1.6 
1.4 
1.4 
1.3 
1.3 
1.2 
1.0 
1.0 
1.5 
1.8 
1.6 
1.5 
2.6 
2.5 
2.3 
2.0 
1.9 
1.8 
1.6 
1.6 


1.8 
2.6 
2.8 
2.5 
2.2 
2.1 
1.97 


1.7 

1.65 

1.85 

2.0 

2.4 

2.8 

3.6 

2.9 

2.3 

2.0 

2.0 

1.9 

1.8 

1.5 

1.55 

1.3 

1.3 

1.2 

1.15 

1.1 

1.0 

1.0 

1.0 

1.2 

1.2 

1.0 

1.15 

1.3 

1.2 

1.0 


July.       Aug.      S<*pt. 


1.0 
1.0 


.9 

.8 


I 


.85  I 

ii 

.7 


a45 


.45  I 
a. 3    I 

.3    I 

.3    I 

.3    j 

.3    I 

■^1 

.3    I 

.3    ] 

■  3    I 

.3    , 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.2 

.2 

.2 

.2 

.2 


0.2 
.2 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.4 
.4 
.i 
.4 
.4 
.4 
.4 
.4 
.4 
.5 
.5 
,6 
.0 
.6 


aWator  standing  in  pools. 
Note.— Ice  conditions  January  22  to  February  15  approximately.    Gage  read  to  water  surface. 
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HANGMAN  CREEK  AT  POOLE'S  RANCH,   NEAR  TEKOA,  WASH. 

This  station  was  established  September  28,  1904,  by  T.  A.  Noble,  and  discontinued  Sep- 
tember 30,  1905.  It  is  located  4  miles  northwest  of  Tekoa,  Wash.,  one-fourth  mile  south 
of  the  highway  bridge  across  Hangman  Creek,  and  300  feet  south  of  J.  M.  Poole's  farm 
crossing. 

The  channel  is  straight  for  about  80  feet  above  and  25  feet  below  the  station,  and  the 
current  is.  sluggish.  Both  banks  are  about  6  to  8  feet  high,  lined  with  brush,  and  subject 
to  overflow  during  high  water.  The  bed  of  the  stream  is  composed  of  rock  and  cemented 
gravel,  is  free  from  vegetation,  and  is  permanent.  There  is  but  one  channel  at  low  and 
two  at  higli  water. 

Dischaige  measurements  are  made  by  means  of  a  weir  14  feet  long.  The  top  of  the 
weir  is  at  the  same  height  as  the  top  of  a  nail  driven  into  the  plank  which  forms  part  of 
the  deadman  for  the  bench  mark,  7  feet  upstream  from  the  weir. 

During  1905  a  6-inch  hook  gage  was  used  once  each  day  by  John  M.  Poole.  The  bench 
mark  is  the  top  of  a  60-penny  nail  driven  into  the  right-of-way  post  of  the  Oregon  Rail- 
road and  Navigation  Company,  40  feet  east  of  the  weir;  elevation,  8.627  feet  above  the 
top  of  the  weir  or  iron  lip. 

A  description  of  this  station,  with  gage  heights,  is  contained  in  Water-Supply  Paper  No. 
135,  United  States  Geological  Survey,  pages  54-55. 

Daily  ditdiargef  in  Mcondrfeetf  of  Hangman  Creek  at  Poole's  ranch ,  near  Tekoa,  Wash.,  for 

1906. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

ol6 
622 
24 
17 
1.1 
10 
10 
9 
8 

5 

10 

11 

12 

13 

14 

7 
5 
5 

9 
5 
5 
6 
4 
5 
4 
4 

d22 
27 

58 
52 
45 
41 
35 
31 

1  18 

6 
8 

30 

(0 

19 

17 
12 
10 
10 
10 
8 
6 

1,0 

22 

73 
73 

(/) 

73 
69 
65 
64 
61 

23 

16 

24  .  .  . 

16 

30 

31 

1 

16 
6 

17 

a  Length  of  weir  7  feet,  January  1. 

6  Length  of  weir  10  feet,  January  2-12,  January  30  to  Februar>'  19. 

c  River  frozen  up  January  13-14. 

d  Length  of  weir  13  feet,  March  1&-18. 

#  Length  of  weir  12  feet  8  inches,  March  19-23,  April  5-15. 

/  River  overflowed,  February  20-25,  March  24-25. 


NORTH  FORK  OF  HANGMAN  CREEK  AT  TEKOA,  ^WASH. 

This  station  was  established  April  2,  1904,  by  W.  W.  Schlecht,  and  discontinued  Sep- 
tember 30, 1905.  It  is  located  at  the  highway  bridge  in  Tekoa,  Wash.,  on  the  road  leading 
north. 

The  channel  is  straight  for  about  60  feet  above  and  below  the  station  and  the  current  is 
swift.  There  is  a  series  of  rapids  between  the  gaging  station  and  the  mouth  of  the  creek, 
having  a  total  fall  of  about  4  to  5  feet.  The  right  bank  is  of  earth,  fringed  with  brush, 
having  a  number  of  houses  built  close  to  the  river,  and  does  not  overflow.  The  left  bank 
is  low,  and  is  liable  to  overflow  above  and  below  the  station  50  to  100  feet  back  to  the 
rulroad  embankment.  The  bed  of  the  stream  is  composed  of  gravel  and  a  few  bowlders, 
uui  is  permanent.    At  the  gaging  section  there  is  but  one  channel  at  all  stages. 

Dischaige  measurements  are  made  from  the  downstream  side  of  the  highway  bridge. 
The  initial  point  for  soundings  is  the  center  of  telegraph  pole  on  the  right  bank.  It  is 
indicated  by  a  20-penny  nail  and  marked  zero. 
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A  plain-staff  gage  is  fastened  to  the  concrete  abutment  of  the  railway  bridge  on  the 
northern  arm  of  the  "Y"  of  the  Oregon  Railroad  and  Navigation  Company's  trades,  25 
feet  upstream  from  the  bridge,  from  which  discbaiige  measurements  are  made.  During 
1905  the  gage  was  read  once  each  day  by  C.  J.  McLaughlin.  Bench  marks  were  estab- 
lished as  follows:  (1)  A  United  States  Geological  Survey  standard  aluminum  tali^t  set  in 
the  vertical  wall  of  a  brick  house  on  the  comer  one  square  north  of  the  bank  in  Tekoa, 
marked  ''2537;"  elevation,  58.29  feet.  (2)  A  point  on  the  concrete  abutment  of  the 
railroad  bridge  near  the  gage;  elevation,  8.39  feet.  Elevations  refer  to  the  datum  of  the 
gage. 

April  9,  1905,  a  discharge  measurement  made  at  this  station  by  Schlecbt  and  Hohkn 
gave  the  following  results:  Width,  44  feet;  area  of  section,  108  square  feet;  mean  vekxrity, 
1.09  feet  per  second;  gage  height,  1.88  feet;  discharge,  117  second-feet. 

A  description  of  this  station,  with  gage  height,  dischaiige  data,  and  rating  table,  is  ooo- 
tained  in  Water-Supply  Paper  No.  135,  United  States  Geological  Survey,  pages  55-57. 

Daily  gage  height,  in  feet ,  of  North  Fork  qf  Hangman  Creelc  at  Tekoa,  Wa^.,  for  1905. 


Day. 


Jan. 


1 

0.99 

2 

.99 

3 

1.0 

4 

97 

5 

.8 

6 

75 

7 

.65 

8 

.6 

0 

.55 

10 

.65 

11 

.55 

12 

.65 

13 

.5 

14 

.5 

15 

.5 

16 

.5 

17 

.5 

18 

.5 

19 

.49 

20.  .  .  , 

.49 

21 

.48 

22 

.48 

23 

.1 

24 

.15 

25 

.15 

26 

.1 

27 

28 

.1 



29 

1.1 

30 

1.1 

31 

1.1 

Feb. 


Mar.    I    Apr. 


May.  I  June. 


2.0 
1.9 
1.9 
1.9 
1.7 
1.4 
1.3 
1.2 
1.0 
.9 


.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

1.0 

1.3 

1.3 

1.4 

1.5 

2.9 

2.7 

2.5 

2.6 

2.6 

2.6 


2.5  I 

2.5  I 

2.4  I 

2.4  I 

2.4 

2.4 

2.4 

2.3 

2.3 

2.3 

2.1 

2.0 

1.9 

1.9 

1.8 

1.8 

1.8 

1.9 

2.0 

2.2 

2.3 

2.3 

2.2 

2.1 

2.0 


2.0  1 

1.9 

1.8  1 

1.8  j 

L8  1 

1.8 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.65 

1.7 

1.6 

1.5 

1.5 

1.6 

2.5 

2.5 

2.4 

2.3 

1.8 

1.8 

1.8 

1.8 

1.8 

1.9 

1.9 

1.9 

1.9 

1.8 

1.8 

2.3 

2.0 

1.9 


1.8 

1.8 

2.4 

2.4 

2.3 

1.4 

2.3 

2.3 

2.1 

2.0 

1.9 

1.8 

1.7 

1.7 

1.5 

1.5 

1,5 

1.5 

1.5 

1.3 

1.2 

1.2 

1.3 

1.6 

1.5 

1.7 

1.7 

1.65 

1.55 

1.5 


July.   ,    Aug:.    I   Sept. 


1.5 

1.5 

1.4 

1.4 

1.4 

1.4 

1.3 

1.3 

1.3 

1.2 
.9 
.8 

.8  I 
.35  I 
.35  1 
.5  j 
.5  ' 
.4  ' 
.4  i 
.4  ! 
.45  1 
.45, 
.45  , 
.45 
.45 
.4  ' 
.3    I 

1' 


0.35 
.4 
.4 

.4 

.4 

.4 

.4 

.4 

.35 

.35 

.35 

.4 

.4 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 


0.5 
.5 
.5 
-5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
,5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
,5 
.6 
.6 
.6 


Note.— Ice  conditions  during  part  of  January  and  February.    Qage  read  to  water  surface. 
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I-ITTL.E  SPOKAN£  RIVKR  N£AR  SPOKANE,  IV ASH. 

This  station  was  established  August  3,  1903,  by  George  H.  Bliss,  and  was  discontinued 
March  31,  1905.  It  is  located  about  2  miles  above  the  mouth  of  the  river  at  the  second 
bridge  above  the  mouth.  It  Is  9  miles  northwest  of  Spokane,  Wash.,  and  IJ  miles  north- 
east of  what  is  known  as  the  ''9-mile  bridge"  over  Spokane  River. 

The  channel  is  straight  for  100  feet  above  and  150  feet  below  the  station.  The  current 
is  swift.  Both  banks  are  high,  covered  with  underbrush,  and  liable  to  overflow  only  at 
Tery  hi^  stages.  The  bed  of  the  stream  is  composed  of  clean  gravel.  The  channel  is 
broken  by  four  bridge  piers  and  has  a  width  at  ordinary  stages  of  about  125  feet. 

IHscharge  measurements  are  made  from  the  upstream  side  of  the  bridge  to  which  the 
gage  is  attached.  The  initial  point  for  soundings  is  the  vertical  end  post  on  the  upstream 
side  of  the  bridge  at  the  south  approach. 

A  wire  gage  is  located  on  the  upstream  side  of  the  bridge ;  length  of  wire,  13.25  feet.  This 
distance  has  been  laid  ofT  on  the  upper  surface  of  the  bottom  rail  near  the  gage  and  is  marked 
by  cop^r  tacks  inclosed  in  circles  of  black  paint.  These  marks  are  used  in  checking  the 
length  of  the  gage  wire.  During  1905  the  gage  was  read  once  each  day  by  Mary  A.  Eeenan. 
The  bench  mark  is  a  wire  nail  driven  into  the  root  of  a  pine  tree  2  feet  in  diameter,  on  the 
north  side  of  the  tree,  toward  the  bridge,  60  feet  distant  from  the  south  end  of  the  bridge; 
elevation,  21.00  feet  above  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  height  and  discharge  data,  is  contained  in  Water- 
Supply  Paper  No.  135,  United  States  Geological  Survey,  pages  57-59. 


DaUy  gage  heighif  in  feel  ^  cflAttle  Spokane  River  near  Spokane  ^  Wash.,  for  1905. 


Day. 

Jan. 

Feb. 

Mar. 

Day. 

Jan. 

6.35 

6.4 

6.59 

6.75 

6.59 

6.38 

6.4 

6.36 

6.4 

6.45 

6.6 

Feb. 

Mar. 

..; 

7.18 

7.04 

7.2 

7.0 

6.9 

6.85 

6.9 

7.32 

7.4 

7.97 

Day. 
23 

Jan. 

6.75 

6.9 

6.8 

7.0 

6.9 

7.25 

7.4 

7.0 

6.7 

Feb. 

Mar. 

6.7 

6.7 

6.65 

6.55 

6.6 

6.37 

6.45 

6.3 

6.6 

6.31 

6.45 

6.5 

6.54 

6.62 

6.5 

6.47 

6.4 

6.43 

6.5 

6.4 

6.23 

6.1 

7.0 

7.1 

7.2 

7.3 

7.35 

7.2 

7.1 

6.95 

7.05 

7.15 

7.15 

12 

6.07 

6.33 

6.33 

6.4 

6.3 

6.29 

6.1 

6.35 

6.39 

6.28 

6.1 

6.5 

6.80 

7.15 

7.09 

7.1 

7.0 

7.88 

13 

24 

7.74 

14 

25 

7.75 

15 

26 

7.75 

16 

27 

7.7 

17 

28 

7.71 

18 

29 

7.65 

19 

30 

7.8 

20 

31 

7.6 

10. 

21.. 

11.       .  . 

22 

Note.— No  Ice  record. 


OKANOGAN  RIVER  DRAINAGE   BASIN. 


DESCRIPTION  OF  BASIN. 

Okanogan  River  rises  in  Okanogan  Lake,  British  Columbia,  and  flows  southward,  enter- 
bg  Columbia  River  near  Brewster,  Wash.  Throughout  its  course  in  Canada  the  river 
flows  throu^  a  chain-like  series  of  lakes. 

SINIiAHEKIN  CREEK  NEAR  LOOMIS,  WASH. 

This  station  was  established  June  13,  1903,  by  Charles  E.  Hewitt,  and  was  discontinued 
March  30,  1905.  It  is  located  on  the  main  road  between  Loomis  and  Conconully,  Wash., 
3  miles  from  Loomis  and  19  miles  from  Conconully. 

The  channel  is  straight  for  20  feet  above  and  for  50  feet  below  the  station.  Beyond  these 
points  are  lai^  bends  in  the  stream.  The  right  bank  is  low  for  about  15  feet  back  from 
the  water's  edge.     Beyond  this  point  it  rises  more  abruptly  and  is  not  subject  to  overflow. 
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The  water's  edge  is  covered  with  shrubbery.     The  left  bank  is  low  grass  l&nd,  subject  to 
overflow.     The  bed  of  the  stream  is  a  gravelly  clay  or  loam  and  is  fairly  sta.ble. 

Discharge  measurements  are  made  from  a  plank  footbridge.  The  initial  poiot  for  sound- 
ings is  an  iron  bar  driven  flush  with  the  ground  at  the  northeast  comer  of  the  main  put  of 
Mr.  R.  A.  Garrett's  house. 

The  gage  is  a  vertical  staff  driven  into  the  ground  and  braced  to  the  gatepost  at  the  north- 
east comer  of  Mr.  Garrett's  yard.  During  1905  the  gage  was  read  once  each  day  by  Mis. 
Mary  Garrett.  The  bench  mark  is  the  top  of  the  iron  bar  used  as  the  initial  point  for 
sounding:  elevation,  11.40  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papefs 
of  the  United  States  Geological  Survey: 

Description:  100,  p  394;  135,  p  58. 
Discharge:  100,  p.  305 
Discharge,  monthly:  135,  p  61. 
Gage  heights:  100,  p  305;  135.  p  GO. 
Rating  table:  135,  p  60. 

Daily  gage  height^  in  feet,  of  Sirdahekin  Creek  near  LoomiSf  Wash. ,  for  190S. 


Day. 

Jan. 

Feb. 

2.7 

2.65 

2.65 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.75 

Mar. 

2.6  ; 

2.6 
2.6  i 

2.6 ; 

2.6 
2.6 
2.6  ; 
2.6  : 
2.6 

2.6 ; 

2.7 

Day. 
12 

Jan. 

2.7 
2.7 
2.75 
2.85 

a2 

3.5 

as 
ao 
ao 

2.8 

Feb. 
2.8 

ao 
ao 
ao 
ao 
ao 
ai 
a2 
a7 

6.15 

Mar 

Day. 

Jan. 

Feb. 

t 

1  Mar. 

1 

2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 

2.65 

2.6 

2.6 

2.6 

2.6 

2.65 

2.65 

2.7 

2.8 

a25 

22 

2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 

4.3 

4.0 

as 

2.9 
2.6 
2.6 
2.6 

1 

i 

i 

1       3.0 

2 

13 

23 

1 

3 

14 

24...'. 

1     xo 

4 

15 

25 

3.0 

5 

16 

26 

ao 

6 

17 

1 

j  27 

?9 

7.   . 

18     

1 

j  28 

2.9 

8 

19 

1  29 

2.S 

9 

20 

1  30 

2.8 

10 

21 

31 

2.8 

11 

Note.— No  ice  record. 

SALMON  CREEK  NEAR  MALOTT,  WASH. 

This  station  was  established  April  11,  1903,  by  T.  A.  Noble.  It  is  located  opposite  R.  D. 
Jonas's  house,  which  is  on  the  county  road  halfway  between  Malott  and  Conconully, 
Okanogan  County.  It  is  reached  by  way  of  the  Great  Northern  Railway  to  Wenache, 
thence  by  way  of  the  Columbia  River  steamers  to  Brewster,  and  by  the  Conconully  stage 
from  Brewster  to  Jones's  ranch. 

The  channel  is  straight  for  100  feet  above  and  200  feet  below  the  station.  There  are 
rapids  at  the  bend  in  the  river  100  feet  above  the  station  and  at  another  bend  300  feet  below 
the  station.  Tlie  current  is  swift.  The  right  bank  is  low  and  will  overflow  for  about 
100  feet,  at  which  pomt  it  becomes  steep.  The  left  bank  is  low  and  may  overflow  for  200 
feet  at  extreme  flood  stages.  Both  banks  are  without  trees  or  brush  with  the  exception  of  a 
fringe  of  alder  at  the  water's  edge.  The  bed  is  rocky  at  the  center  and  sandy  along  the 
banks.    It  is  without  vegetation  except  near  the  banks. 

Discharge  measurements  are  made  from  the  footbridge.  The  initial  point  for  soundings 
is  a  nail  driven  in  a  birch  hub,  4  feet  east  of  the  bridge  and  14  feet  north  of  the  gage.  It  is 
on  the  left  bank,  7  feet  from  the  water's  edge  at  ordinary  stages. 

The  gage  is  a  vertical  staff  fastened  to  a  small  alder  tree  on  the  left  bank  of  the  river 
opposite  the  house  of  the  observer,  R.  D.  Jones,  who  during  1905  read  the  gage  once  each 
day.  The  bench  mark  is  the  initial  point  for  soundings;  elevation,  4.58  feet  above  the 
datum  of  the  gage. 
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iDfonnation  in  regard  to  tbia  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey* 

Description:  100,  pp  389-390;  135,  p  63 
DiKharge:  100.  p  390;  135.  p  64. 
Ditchaige,  monthly:  100,  p  392;  135,  p  65. 
Gage  heighU:  100,  p  391;  135,  p  64. 
luting  table:  100,  p  391;  135.  p  65. 

Discharge  measurements  of  Salmon  Creek  near  MaloU,  Wash.,  in  1906. 


Date. 


June  4 

June  16 

July  27 

November  1 . 


Hydrographer. 


O.  Laurgaard. 
....do 


.do., 
-do.. 


Width.; 


Area  of 
section. 


I  Sauare 

Feet.  feet. 

28  I  82 

27  I  56 

25  !  34 

24  32 


Mean 
velocity. 

Feet  per 
second. 

4.43 

2.72 

1.22 

.77 


Gai 
beig 


I 


Dis- 
charge. 


Feet. 

Second- 
feet. 

2.67 

362 

1.80 

154 

1.10 

41 

.90 

24 

DaUy  ga/ge  heightf  infeet,  of  Salmon  Creek  near  MaloUf  Wash.,  for  1906. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.67 

1.62 

1.66 

1.6 

1.67 

1.71 

1.75 

1.91 

1.92 

1.96 

1.88 

1.75 

1.75 

1.71 

1.60 

1.68 

1.75 

1.69 

1.67 

1.62 

1.6 

1.61 

1.71 

1.73 

1.85 

1.83 

1.83 

1.88 

1.88 

1.91 

2.0 

June. 

July. 

1.81 

1.94 

1.91 

1.88 

1.75 

1.09 

1.62 

1.58 

1.54 

1.5 

1.48 

1.46 

1.45 

1.44 

1.44 

1.43 

1.38 

1.33 

1.29 

1.27 

1.25 

1.17 

1.12 

1.08 

1.08 

1.0 

1.04 

1.08 

1.06 

1.04 

1.0 

Aug. 

Sept. 

0.93 
.9 
.96 
.83 
.82 
.75 
.73 
.73 
.74 
.74 
.73 
.73 
.74 
.79 
.81 
.79 
.81 
.79 
.71 
.60 
.69 
.09 
.67 
.64 
.60 
.83 
.81 
.88 

.79 

Oct. 

0.75 
.73 
.75 
.75 
.88 
.92 
.98 

1.0 
.88 
.83 
.83 
.81 
.77 
.75 
.83 
.79 
.81 
.79 
.83 
.85 
.81 
.79 
79 
.83 
.85 
.9 
.83 
.81 
.75 
.64 
.71 

Nov. 

0.88 
.82 
.79 
.81 
.81 
.79 
.78 
.77 
.76 
.75 
.77 
.79 
.77 
.76 
.75 
.76 
.77 
.79 
.83 
.75 
.62 
.61 
.62 
.6 
.58 
.57 
.5 
.5 
.54 
.55 

Dec. 

I 

aoo 

.77 

.71 

.72 

.75 

.77 

.75 

.73 

.71 

.67 

.68 

.71 

.72 

.74 

.75 

.76 

.77 

.77 

.78 

.78 

.79 

.8 

.82 

.83 

.83 

.84 

.81 

.79 

.79 

.77 

.73 

a  73 
.74 
.74 
.75 
.77 
.75 
.73 
.71 
.67 
.65 
.66 
.67 
.69 
.68 
.67 
.66 
.71 
.67 
.72 
.73 
.77 
.78 
.82 
.83 
.83 
.85 
.84 
.85 

a94 
.96 
.99 
.99 
1.0 
.99 
.97 
1.0 
1.01 
1.02 
1.04 
1.05 
1.07 
1.08 
1.1 
1.1 
1.12 
1.12 
1.14 
1.12 
1.1 
1.09 
1.1 
1.1 
1.12 
1.1 
1.09 
.92 
1.07 
1.05 
1.02 

0.98 
.96 
.94 
.9 
.97 
1.08 
1.10 
1.12 
1.15 
1.17 
1.19 
1.2 
1.21 
1.19 
1.18 
1.25 
1.38 
1.35 
1.38 
1.6 
1.64 
1.67 
1.71 
1.88 
2.0 
2.04 
1.93 
1.88 
1.81 
1.74 

2.18 
2.25 
2.3 
2.83 
2.46 
2.43 
2.33 
2.24 
2.34 
2.31 
2.27 
2.24 
2.06 
1.97 
1.91 
1.83 
1.79 
1.76 
1.77 
1.79 
1.83 
1.85 
1.71 
1.88 
1.92 
2.08 
2.12 
2.09 
1.94 
•  1.88 

0.99 

.96 

.94 

.92 

.92 

.88 

.83 

.81 

.79 

.77 

1.12 

1.11 

1.12 

1.1 

1.1 

1.08 

1.08 

1.08 

1.06 

1.04 

1.02 

1.0 

1.0 

.99 

.99 

.96 

.96 

.92 

.94 

.92 

.92 

0.61 

2 

.67 

3 

.60 

4 

.7 

5 

.71 

6 

.75 

7 

.75 

8 

.75 

9 

.74 

10 

.72 

11 

.73 

12 

.74 

13 

14 

.75 
.75 

15 

.74 

16 

.75 

17 

.76 

18 

.77 

19 

.75 

20 

.75 

21 

.7 

22 

28 

24 

.54 
.58 
.62 

25 

26 

.67 
.73 

27 

.73 

28 

.74 

29 

.72 

30 

.71 

31 

.7 

Note.— No  ice  record. 
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Station  rating  table  for  Salmon  Creek  near  MaloU,  Wash.,  from  January  1  to  December il, 

1905. 


Gase 
height. 

Discharge. 

1     Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Oa^ 
height. 

Discharge. 

Feet. 

Second-feet. 

1     Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Seamd-feeL 

0.50 

7 

1.20 

53 

1.80 

154 

2.40 

2» 

.  am 

9 

1.30 

66 

1.90 

174 

2.50 

316 

0.70 

12 

1.40 

81    1 

2.00 

194 

2.60 

343 

0.80 

17 

1.50 

98 

2.10 

215 

2.70 

371 

a9o 

24 

1.60 

116 

2.20 

238 

2.80 

400 

1.00 

31 

1.70 

134 

2.30 

263 

2.90 

4S 

1.10 

41 

1 

I 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  four  dischaige  i 
urements  made  during  1905.    It  is  well  defined  between  gage  heights  0.8  foot  and  2.6  feet. 

EstiTTuUed  monthly  discharge  of  Salmon  Creek  near  MaloU,  Wash.,  for  1905. 


Month. 


Discbarge  in  seoond-feet. 


Maximum.   Minimum.      Mean. 


Total  in 
acre-feet. 


January 

Ftbruary 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


20 
20 
46 
202 
194 
410 
182 
43 
28 
31 
23 
16 


11 

10 

25 

24 

116 

134 

31 

16 

10 

10 

7 

8 


15l0 
14.1 
36.3 
87.5 

146u 

215. 
85.4 
3a3 
16.2 
l&S 
117 
12.8 


79 
2,22 
5,207 
8,»77 
12, 7» 
5,351 
l,8t3 

m 

1,IS 

787 


410 


57.6 


41,730 


METHOW  RIVER  DRAINAGE  BASIN. 

DESCRIPTION  OP  BASIN. 

Methow  River  has  its  source  in  the  Cascade  Mountains  near  the  boundary  line  between  the 
United  States  and  British  Columbia,  and  flows  in  a  southeast  direction  into  Columbia  River. 
The  stream  is  a  very  rapid  one  and  is  at  present  used  to  a  considerable  extent  for  irrigatioii 
purposes. 
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METHOW  RIVER  NEAR  PATEROS,  WASH. 

Thb  station  was  originally  established  May  3, 1903,  by  T.  A.  Noble,  and  was  located  on  a 
highway  bridge  about  1,000  feet  above  the  mouth  of  the  river.  The  first  two  measurements 
were  taken  from  this  bridge.  During  the  summer  of  1903  this  bridge  was  washed  away,  and 
a  temporary  bridge  400  feet  farther  downstream  was  used  in  making  the  measurement  of 
March  20,  1904. 

During  the  spring  of  1904  this  bridge  also  was  abandoned  because  of  its  temporary  nature 
and  the  poor  section  at  this  point,  and  a  cable  station  was  established  about  a  mile  above 
the  mouth  of  the  river. 

Both  banks  at  the  station  are  high  and  not  liable  to  overflow.  The  bed  of  the  stream  is 
covered  with  small  bowlders  and  gravel  and  is  liable  to  changes.  The  section  is  good,  except 
at  the  highest  stage  of  the  river.  At  such  times  the  current  at  the  station  becomes  too 
swift  to  measure,  and  it  is  necessary  to  use  a  boat  farther  down  the  stream,  where  the  back- 
water from  Columbia  River  retards  the  current. 

The  initial  point  for  soundings  is  a  cross  marked  "I.  P."  on  rock  about  10  feet  back  of  the 
cable  support  on  the  left  bank. 

The  gage  is  located  about  500  feet  below  the  cable,*  above  any  effect  of  backwater 
from  Columbia  River.  It  is  fastened  between  two  pine  trees  on  the  left  bank.  The  lower 
section  is  inclined  and  reads  from  0  to  10  feet.  The  upper  section  is  vertical  and  reads  from 
10  to  19  feet.  All  gage  heights  given  below  and  all  discharge  measurements  are  referred 
to  this  gage.  A  secondary  gage  is  in  place  at  the  cable  to  be  used  by  the  hydrographer  at 
the  time  of  measurement,  to  assist  in  computing  areas.  During  1905  the  gage  was  read 
once  each  day  by  K.  K.  Parker.  Bench  marks  were  established  as  follows:  (1)  A  United 
States  Gelogical  Survey  standard  iron  post  in  front  of  Ives  Hotel,  at  Pateros,  Wash.;  eleva- 
tion, 26.05  feet  above  zero  of  the  gage  and  780  feet  above  sea  level.  (2)  The  top  of  a  large 
white  stone,  marked  " B.  M."  which  is  30  feet  northeast  of  the  gage  board  on  the  left  bank; 
elevation,  of  the  highest  point,  15.20  feet  above  gage  datum. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

DeMription:  100,  pp  387-388;  135,  pp  65-^. 

Discharge:  100.  p  388;  135,  p  66. 

Diflcbarge,  monthly:  135,  p  68.  ^ 

Gage  heights:  100,  p  380;  135,  p  67. 

Rating  table:  135,  p  67. 

Discharge  measurements  of  MeOww  River  near  PaieroSf  Wash.,  in  1905. 


Date. 


May6 

November  4. 
November  28 . . 


Hydrographer. 


O.  Lauigaard 

do 

W.  C.  Sawyer 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gage     1 
height. 

Feet. 

Square 
Jeet. 

Feet  per 
second. 

Feet. 

178 

730 

4.27 

6.50 

164 

406 

1.68 

4.60 

155 

380 

1.62 

4.30 

Dia- 
charga. 

Second- 
feet. 

3,116 

685 

618 
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Daily  gage  height^  in  feet,  of  Methow  River  near  Pateros,  Wash.,  far  1905. 


Day. 


I. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25., 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Jan. 

1 

Feb. 

4.15 

4.2 

4.15 

4.2 

1    4.15 

4.15 

1    4.15 

4.15 

1    4.15 

4.15 

4.15 

4.1 

1    4.15 

4.05 

1    4.1 

4.05 

4.05 

4.1 

4.0 

4.16 

4.0 

3.8 

4.0 

4.2 

I    ^^ 

4.16 

1    4.0 

4.2 

1    4.0 

4.2 

I    4.0 

4.2 

1    ^^ 

4.2 

1    4.1 

4.2 

1    ^'^ 

4.2 

4.2 

4.25 

4.1 

4.2 

4.1 

4.2 

4.1 

4.2 

4.1 

4.15 

4.1 

4.1 

4.1 

4.05 

4.05 

*i 

4.05 

4.1 

4.0 

3.8 

4.2 

Mar. 


4.1 

4.1 

4.15 

4.15 

4.25 

4.3 

4.3 

4.3 

4.4 

5.0 

5.4 

5.4 

5.4 

5.35 

5.3 

5.3 

5.4 

5.6 

5.7 

5.75 

5.8 

5.7 

5.65 

5.6 

5.6 

5.55 

5.55 

5.5 

5.4 

5.4 

5.4 


Apr. 


6.4 

5.3 

5.3 

5.3 

5.3 

5.3 

5.4 

5.4 

5.45 

5.45 

5.45 

5.55 

5.6 

5.65 

5.65 

6.7 

6.75 

6.75 

5.8 

5.9 

6.05 

6.3 

6.8 

7.15 

7.9 

8.0 

7.75 

7.6 

7.1 

7.0 


May. 


6.7 

6.7 

6.7 

6.5 

6.5 

6.5 

6.5 

6.85 

7.9 

7.8 

7.5 

7.45 

7.2 

7.15 

7.1 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

6.9 

6.9 

6.8 

6.75 

6.7 

7.0 

7.2 

7.7 

ao 

a7 


June. 


9.1 
9.8 
10.0 
10.4 

lao 
lao 

10.0 
10.0 
10.3 
10.2 
10.0 
9.8 
9.7 
8.7 
8.4 
8.3 
8.1 
7.9 
8.0 
8.05 
8.05 
8.05 
8.05 
&35 
8.25 
8.1 

ao5 

7.9 
7.7 
7.65 


July. 


7.6 

7.65 

7.55 

7.5 

7.4 

7.1 

6.95 

6.9 

6.85 

6.75 

6.6 

6.4 

6.3 

6.25 

6.2 

6.0 

5.95 

5.9 

5.85 

5.8 

5.8 

5.8 

5.8 

5.75 

6.6 

6.65 

6.7 

5.6 

5.6 

5.55 

6.6 


Aug. 


4.4 

6.35 

5.35 

5.3 

5.3 

5.2 

5.15 

6.1 

6.0 

4.95 

4.9 

4.85 

4.85 

4.8 

4.75 

4.75 

4.75 

4.7 

4.66 

4.6 

4.5 

4.5 

4.46 

4.46 

4.46 

4.45 

4.4 

4.4 

4.4    I 

4.4    I 

4.35  I 


Sept. 


4.35 

4.3 

4.3 

4.26 

4.25 

4.2 

4.2 

4.2 

4.25 

4.25 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.25 

4.3 

4.4 

4.4 

4.4 

4.4 


Oct.      Nov.     Dw. 


4.4 

4.45 

4.46 

6.0 

4.45 

4.45 

4.45 

4.6 

4.75 

4.9 

4.9 

4.85 

4.8 

4.75 

4.7 

4.7 

4.7 

4.7 

4.7 

4.65 

4.6 

4.5 

4.5 

4.6 

4.5 

4.5 

4.6 

4.75 

4.75 

4.7 

4.7 


4.65 
4.65 
4.65  ' 
4.6 
4.55 
4.55* 
4.55 
45    ' 
4.5    I 
4.5    I 
4.5 
4.5    I 
4.5    I 
4.45  ' 

4.4  I 

4.5  I 
4.5 
4.5    I 

"  I 

4.45 

4.4    I 

4.4    I 
4.45 

445j 
4.45 
4.451 
4.4  I 
4.3  I 
4.25  I 
4.2    , 


4.2 

4.2 

425 

4.25 

4S 

4.3 

4-2S 

42 

42 

42 

42 

415 

415 

415 

415 

415 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

40 

40 


Note.— Some  ice  along  shores  during  February. 

Stadon  rating  tdbUfor  Methow  River  near  Paieros,  Wash.,  from  January  1  to  December  31, 

1906. 


Gage 
height. 

Discharge,  h 

Gage 
height. 

Discharge. 

1   heigll 

1 
Discharge.  1 

1 

Gage 
height. 

1                     1 
1  Discharge.  > 

Feet. 

Second-feet: 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

^Second-feei. 

3.80 

400    1 

5.10 

1,166 

\        6.40 

2,884    ; 

8.20 

'         6,264 

3.90 

420    1 

5.20 

1,266 

6.50 

3,050 

8.40 

6,674 

400 

450    1 

5.30 

1,372 

6.60 

3,216 

a60 

7,068 

410 

'486    1 

5.40 

1,484 

6.70 

3,386 

aao 

7.506 

4  20 

528    1 

5.50 

1,602 

j        6.80 

3,560 

9.00 

1          7,930 

430 

576    ' 

5.60 

1,724 

1        6.90 

3,738 

9.20 

1          8,356 

440 

630 

5.70 

1,854 

7.00 

3,920 

9.40 

1          8,785 

4  50 

600     , 

5.80 

1,988 

7.20 

4,294 

9.60 

1          9,215 

460 

756    'l 

6.90 

2,128 

7.40 

4,676 

9.80 

1          9.M6    1 

470 

826    || 

6.00 

2,272 

7.60 

6,066 

10.00 

1        10,060 

480 

902    1 

6.10 

2,420 

7.80 

6,460 

10.20 

1        10,518 

490 

984     1 

6.20 

2,572 

&00 

5,860    j 

ia40 

10,960    ' 

5.00 

1,072 

II 

6.30 

2,726 

1 
1 

\ 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  baaed  on  10  discharge  meaiof^ 
ments  made  during  1903-6.    It  is  well  defined. 
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EsHmaUd  monthly  discharge  of  Methow  River  near  PateroSy  Wash.,  for  1906, 


Month. 


Janoftiy 

February 

Marcii 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  In  second-feet. 


Maximum.   Minimum.      Mean 


528 

552 

1,988 

5,860 

7,296 

10,960 

5,066 

1,428 

630 

1,072 

791 

576 


10,960 


I 


400 
400 
486 
1,372 
3,050 
5,164 
1,602 


630 
528 
450 


400 


480 
506 
1,291 
2,517 
4,110 
7,749 
2,839 

553 
792 
678 
507 


1,910 


Total  in 
acre-feet. 


39,510 
28,100 
79,380 
149,800 
252,700 
461,100 
174,600 
55,280 
32,910 
48,700 
40,340 
31,170 


1,384,000 


Note.— Discharge  applied  as  for  open  channel  during  February. 

CHEIvAN  RIVER  DRAINAGE  BASIN. 

DESCRIPTION  OF  BASIN. 

The  Chelan  is  a  short  river,  being  only  about  4  miles  in  length.  It  connects  Lake 
Chelan  with  Columbia  River,  entering  the  latter  at  Chelan  Falls.  It  is  valuable  princi- 
pally for  the  water  power  that  can  be  developed  on  it. 


LAKE  CHELAN  AT  CHELAN,  WASH. 

A  gage  is  attached  to  one  of  the  bents  of  the  upper  bridge  at  Chelan,  Wash.     It  is  above 
the  controlling  dam  and  gives  fluctuations  of  the  lake  surface  only. 

Daily  gage  height,  in  feet,  of  Lake  Chelan  at  Chelan,  Wash.,  for  1905. 


Day. 


Jan.    Feb.   Mar.    Apr. '  May. 


1 2.4 

2 2.45 

3 1  2.45 

4 2.45 

5 2.4 

6 2..38 

7 2.4 

8 ^  2.48 

9 2.47 

10 2.45 

n I  2.42 

12 1  2.4 

13 2.4 

14 2.38 

15 1  2.37 

16 1  2.35 


2.25 

2.25 

2.2 

2.2 

2.19  I 

2.0 

1.95  I 

1.9    ' 

1.9 

1.9    I 

1.85 

1.85  I 

1.8 

1.8 

1.8 

1.8 


1.8 

1.85 

1.9 

2.0 

2.1 

2.2 

2.0 

2.05 

2.1 

2.05 

2.15 

2.25 

2.25 

2.3 

2.2 

Z2 


2.18 

2.15 

2.1 

2.1 

2.05 

2.0 

2.0 

2.0 

2.0 

1.95 

1.95 

2.05 

1.98 

2.0 

2.0 

2.0 


3.05 
3.05 
3.0 
2.9 
2.9 
2.9 
I  2.95 
3.0 

I  ao 

3.15 

3.25 

3.25 

3.3 

3.25 

3.27 

3.25 


!, 


June.', 

4.0 

4.35 

4.8 

4.95 
I  5.35 
'  5.45 

5.5 

5.6 

5.8 

5.0 

6.1 

6.25 

6.25 

6.15 

6.0 

5.9 


Day. 


'    17. 

,|  18. 

Il  ^*- 
,    20. 

I  22. 

j|23. 
'  24. 
'i  25. 

26. 
I|  27. 

28. 
'  29. 
.30. 
'  31  . 
i 


Jan. 


I 


I, 


Feb. 


2.37 

1.8 

2.37 

1.8 

2.37 

1.8 

2.3 

1.8 

2.35 

1.8 

2.33 

1.8 

2.32 

1.7 

2.35 

1.8 

2.48 

1.8 

2.4 

1.8 

2.35 

1.85 

2.3 

1.8 

23 



2.28 

2.25 

Mar. 

Apr. 
2.05 

May. 

June. 

2.2 

3.25 

5.7 

2.25 

2.1 

3.25 

5.6 

2.25 

2.1 

3.25 

5.5 

2.3 

2.1 

3.25 

5.43 

2.3 

2.15 

3.25 

5.4 

2.3 

2.2 

3.25 

5,4 

2.3 

2.3 

3.2 

5.35 

2.32 

2.4 

3.15 

5.3 

2.35 

2.55 

3,15 

5.3 

2.32 

2.8 

3.1 

5.28 

2.3 

2.95 

3.15 

5.25 

2.3 

3.0 

3.2 

5  2 

2.25 

J  05 

3.3 

5.1 

2.2 

..1 

3.5 

5  0 

2  2 

3.8 

\ . 

Digitized  byVjOOQlC 


38 
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CHELAN  RIVER  BELOW  LAKE  CHELAN,  WASHINGTON. 

This  station  was  established  November  6,  1903,  by  G.  H.  Bliss.  It  is  located  at  the 
highway  bridge  3,000  feet  below  the  outlet  of  the  lake  and  in  the  town  of  Chelan.  A  dam 
which  has  been  constructed  at  the  foot  of  the  lake  by  the  town  of  Chelan  holds  back  tbe 
flow  of  water  to  some  extent  during  the  dry  season.  This  dam  is  about  3,000  feet  above 
the  bridge. 

The  channel  is  straight  for  50  feet  above  and  150  feet  below  the  station.  The  right 
bank  can  not  overflow.  The  left  bank  is  lower  than  the  right,  but  is  not  liable  to  over- 
flow. Both  banks  are  Without  trees.  The  bed  of  the  stream  is  composed  of  rocks  and 
gravel,  free  from  vegetation,  and  liable  to  shift  somewhat. 

Discharge  measurements  are  now  made  from  the  downstream  side  of  the  upper  hi^waj 
bridge.  The  initial  point  for  soundings  is  the  end  vertical  on  the  downstream  side  of  tbe 
bridge  at  the  northwest  approach. 

The  gage  is  a  vertical  rod  16  feet  long  attached  to  the  third  pile  bent  of  the  northwestern 
approach  to  the  bridge.  During  1905  the  gage  was  read  once  each  day  by  G.  L.  RichardsoD. 
The  bench  mark  is  a  wire  spike  driven  into  a  root  on  the  west  side  of  a  laige  cottonwood 
tree,  which  is  40  feet  downstream  from  the  northwestern  approach  to  the  bridge  and  % 
feet  from  the  river;  elevation,  11.86  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Greological  Survey : 

Description:  100,  p  387;  135,  pp  68-60. 
Discharge:  100,  p  387;  135,  p  60. 
Discbarge,  monttily:  135,  p  71. 
Gage  heights:  100,  p  387;  135,  pp  69-70. 
Rating  Uble:  135,  p  70. 

Discharge  measurements  of  Chelan  River  behw  Lake  Chelan,  Washingtonf  in  1905. 


Date. 


May  4 

November  4.. 
November  27 . 


Hydrograpber. 


O.  Laurgaard 

do.  

W.  C.  Sawyer 


Width. 


Feet. 
285 
295 
292 


Area  of 
section 


Square 
feet. 

943 

1,129 

1,117 


Mean 
velocity. 


Feet  per 
ucond. 

4  04 

1.09 

.87 


Gage 
heignt. 


Feet. 
7.68 
620 
5.65 


Dis- 
charge. 


Second' 

feet. 

3,810 

1,230 

V7D 
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DaUy  gage  height ^  in  feet,  ofChdan  River  helaw  Lake  Chelan,  Washington,  far  1906. 


Day. 


Jan. 


L. 
2.. 
3.. 
4.. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
13. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27, 
38. 
29. 
30. 
31. 


Feb. 


5.4 

&4 

5.45 

5.4 

5.4 

5.4 

5.4 

5.38 

5.38 

5.37 

5.37 

5.37 

5.37 

5.35 

5.35 

5.35 

5.38 

5.38 

5.32 

5.32 

5.33 

5.33 

5.32 

5.32 

5.35 

5.32 

5.33 

5.32 

5.32 

5.3 

5.3 


5.3 

5.3 

5.3 

5.29 

5.29 

5.5 

5.45 

5.45 

5.45 

5.45 

5.4 

5.4 

5.4 

5.38 

5.4 

5.4 

5.4 

5.4 

5.4 

5.4 

5.4 

5.4 

5.37 

5.4 

5.4 

5.4 

5.4 

5.4 


Mar. 


5.4 

5.4 

5.43 

5.48 

5.52 

5.56 

5.57 

6.15 

6.18 

6.5 

6.6 

6.65 

6.65 

6.75 

6.8 

6.8 

6.8 

6.9 

6.9 

6.95 

6.95 

6.95 

6.95 

7.03 

7.03 

7.02 

7.0 

7.0 

6.9 

6.8 

6.8 


Apr. 


6.75 

6.7 

6.65 

6.65 

6.62 

6.6 

6.6 

6.6 

6.6 

6.58 

6.58 

6.65 

6.6 

6.6 

6.6 

6.6 

6.65 

6.7 

6.7 

6.7 

6.77 

6.85 

7.0 

7.1 

7.3 

7.6 

7.7 

7.75 

7.8 

7.85 


May. 


7.8 

7.8 

7.75 

7.65 

7.65 

7.65 

7.7 

7.75 

7.75 

7.9 

&0 

8.0 

8.05 

&0 

8.02 

8.0 

8.0 

ao 

8.0 
8.0 

ao 

8.0 

8.0 

7.96 

7.9 

7.86 

7.9 

7.95 

8.05 

8.2 

8.6 


June. 


8.9 

9.2 

9.4 

9.6 

9.85 

9.95 

lao 

10.1 

ia2 

10.35 
10.45 

ia6 

10.6 

10.55 

10.4 

ia3 

10.15 
10.05 
10.0 
9.95 
9.9 
9.85 
9.85 
9.8 
9.8 
9.78 
9.75 
9.7 
9.6 
9.58 


July. 


9.5 

9.43 

9.38 

9.35 

9.3 

9.28 

9.22 

9.15 

9.1 

9.05 

9.0 

8.95 

8.9 

8.8 

8.7 

8.6 

&5 

8.37 

&25 

8.2 

8.17 

8.2 

a26 

&25 

8.25 

8.25 

8.-22 

8.2 

8.17 

8.15 

8.1 


Aug. 


&0 

7.9 

7.8 

7.7 

7.6 

7.55 

7.5 

7.65 

7.5 

7.4 

7.35 

7.3 

7.3 

7.25 

7.16 

6.6 

6.6 

5.7 

5.75 

5.75 

5.75 

5.78 

5.78 

5.8 

5.8 

5.86 

5.8 

5.8 

5.8 

6.0 

5.9 


Sept. 


Oct.     Nov. 


5.9 

5.85 

5.85 

5.8 

5.78 

5.8 

5.86 

5.9 

6.0 

6.1 

6.12 

6.15 

6.18 

6.2 

6.2 

6.15 

6.15 

6.1 

6.05 

6.0 

6.1 

6.1 

6.1 

6.2 

6.2 

6.18 

6.18 

6.2 

6.2 

6.2 


6.2 

6.23 

6.35 

6.56 

6.6 

6.7 

6.9 

6.8 

6.75 

6.6 

6.65 

6.7 

6.75 

6.6 

6.56 

6.6 

6.48 

6.4 

6.38 

6.32 

6.1 

6.26 

6.2 

6.26 

6.2 

6.25 

6.36 

6.3 

6.3 

6.36 

6.3 


6.3 

6.26 

6.25 

6.2 

6.15 

6.13 

6.1 

6.1 

6.1 

6.06 

6.0 

6.98 

5.9 

5.88 

6.86 

6.9 

6.8 

5.8 

5.9 

5.9 

6.85 

5.8 

5.7 

5.65 

6.7 

5.8 

5.7 

5.65 

5.6 

5.6 


Dec. 


5.55 

5.6 

5.6 

5.6 

5.55 

5.5 

5.5 

5.5 

5.5 

5.5 

5.45 

5.4 

5.5 

5.6- 

5.5 

5.5 

5.5 

5.5 

5.45 

5.4 

6.4 

6.4 

5.4 

5.4 

5.4 

5.6 

5.5 

6.45 

5.4 

5.4 

5.4 


Note,— No  ice  record. 

Station  rating  table  for  Chelan  River  below  Lake  Chelan,  Washington,  from  January  1  to 

December  31,  1905. 


hei^. 

Discharge. 

Gafije 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feel. 

Feet. 

Second-feet. 

Second-feet. 

&30 

780 

6.60 

1,660 

7.70 

3,630 

aso 

5,690 

5.40 

820 

6.60 

1.780 

7.80 

3,810 

8.90 

6,880 

5.50 

865 

a70 

1,920 

7.90 

3.990 

9.00 

6,070 

5i60 

915 

6.80 

2,070 

8.00 

4,170 

9.20 

6,460 

5.70 

965 

6.90 

2,230 

8.10 

4,360 

9.40 

6,830 

5.80 

1,020 

7.00 

2,390 

a20 

4,560 

9.60 

7,210 

5.90 

1,080 

7.10 

2,560 

&30 

4,740 

9.80 

7,600 

6.00 

1,160 

7.20 

2,730 

8.40 

4.930 

10.00 

8,000 

6.10 

1,230 

7.30 

2,910 

8.50 

5.110 

10.20 

8,400 

6.20 

1,320 

7.40 

3,090 

8.60 

5,300 

10.40 

8,800 

6.30 

1,420 

7.50 

3,270 

a70 

5,600 

10.60 

9,200 

6.40 

1.530 

7.60 

3,460 

The  above  table  is  applicable  only 
uremenu  made  during  1904-6.    It  is 


for  open-channel  conditions.    It  is  based  on  hine  dischai 
fairly  well  deflncn  between  gage  heights  6.6  feet  and  10.3  feet. 
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STREAM   MEASUREMENTS   IN   1906,   PART   XIV. 


EsHmated  monthly  discharge  of  Chelan  River  hdow  Lake  Chdan,  Wathingtan,for  1906. 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  In  second-feet. 

Total  In 

Maximum. 

Minimum. 

Mean. 

acre4Bet 

842 

780 

803 

•.» 

865 

776 

817 

4S,m 

2,441 

820 

1,800 

111,300 

3,900 

1,754 

2,239 

I3J,aOD 

5,300 

3,540 

4,049 

349,00 

9,200 

5,880 

7,887 

4B9,» 

7,020 

4,360 

5,471 

33S,400 

4,170 

965 

2,180 

134,000 

1,320 

1,009 

1,207 

71,S» 

2,230 

1,230 

1,608 

98,870 

1,508 

915 

1,115 

66,^ 

915 

820 

856 

a2,«3D 

9.200 

776 

2.503 

1,818.000 

WENATCHEE  RIVER  DRAINAGE  BASIN. 
DESCRIPTION  OF  BASIN. 

Wenatchee  River  has  its  source  on  the  eastern  slope  of  the  Cascade  Mountains,  and  flovs 
southeastward  through  Wenatchee  Lake,  entering  Columbia  River  near  Wenatchee,  Waafa. 

WENATCIIKE  RIVER  AT  CASHMERE,  WASH. 

This  station  was  established  July  26, 1904,  by  W.  G.  Steward.  It  is  located  at  the  high- 
way bridge  just  north  of  the  town  of  Cashmere,  Wash. 

The  channel  is  curved  for  about  800  feet  above  and  below  the  station,  and  the  current  is 
swift.  The  right  bank  is  high,  gravelly  and  rocky,  lined  with  timber  and  bushes,  and  noi 
liable  to  overflow.  The  left  bank  is  not  high,  but  overflows  only  in  extremely  high  water. 
The  bed  of  the  stream  is  covered  with  small  rounded  bowlders  and  cobblestones,  is  free 
from  vegetation,  and  permanent.  The  channel  is  divided  by  the  pier  into  two  channels. 
The  bridge  is  located  about  midway  of  a  long,  sweeping  curve.  The  water  is  swift,  espe- 
cially at  the  middle  of  the  south  span. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  two-span  bridge  to 
which  the  gage  is  attached.  The  initial  point  for  soundings  is  a  boltbead  in  the  southeast 
corner  of  the  bridge,  marked  z^ro. 

A  plain-staff  gage  is  fastened  to  the  downstream  edge  of  the  south  face  of  the  middle 
pier.  During  1905  the  gage  was  read  once  each  day  by  A.  C.  Jones.  Bench  marks  were 
established  as  follows:  (1)  The  head  of  an  8-penny  nail  driven  into  a  timber  at  the  south- 
east corner  of  the  middle  pier;  elevation,  12.98  feet.  (2)  A  bolthead  at  the  southeast  co^ 
ner  of  the  bridge,  identical  with  the  initial  point;  elevation,  16.63  feet.  (3)  A  railroad 
spike  driven  into  a  telephone  pole  at  the  left  end  of  the  bridge;  elevation,  10.91  feet.  Ele- 
vations refer  to  the  datum  of  the  gage. 

A  description  of  this  station  and  gage  height  and  discharge  data  are  contained  in  Wate^ 
Supply  Paper  No.  135,  United  States  Geological  Survey,  pages  71-72. 
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DMiorge  measurements  qf  Wenaichee  Riner  at  Cashmere^  Wash.f  in  1906, 


Date. 

Hydrographer. 

j  Width. 

Areaof  '    Mean 
section,    velocity. 

Oa«e 
height. 

Dis- 
charge. 

October  30 

November  14 . . 
November  25 . . 

W.  G. 

do 

do 

do 

Steward 

i 

1    Feet. 

187 

.         185 

164 

Smiare     Feet  per 
feet,        second. 

960           2.31 

804           2.23 

799  1          1.70 

784            1.55 

Feet. 
2.90 
2.48 
1.98 
1.87 

Secoftd- 
feet. 

2,220 

1,993 

1,357 

1,214 

Daily 

ga^  heighif  in  feet, 

of  Wenatchee  River  at  Cashmere , 

Wash. 

for  1906. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

3.1 

3.0 

2.9 

2.9 

2.8 

3.0 

3.1 

3.2 

3.3 

3.3 

3.3 

3.4 

3.6 

3.7 

3.6 

3.6 

3.5 

3.5 

3.6 

3.8 

4.0 

4.2 

4.7 

5.35 

6.1 

6.25 

6.0 

5.6 

5.1 

4.8 

i 

May. 

4.5 
4.3 
4.2 
4.1 
4.1 
4.3 
4.6 
5.1 
5.5 
5.3 
5.0 
4.8 
4.8 
4.8 
5.0 
4.9 
4.8 
4.8 
4.7 
4.6 
4.5 
4.4 
4.3 
4.2 
4.1 
4.2 
4.6 
5.1 
5.6 
5.8 
6.3 

June. 

1 
July.     Aug. 

Sept.  1 

Oct. 

1.9 
1.9 
3.9 

Nc 
1 

►v. 

Dec. 

1 

1.8 
1.8 
1.8 
1.8 
1.7 
1.5 
1.6 
1.5 
1.5 
1.4 
1.3 
1.3 
1.4 
1.4 
1.4 
1.5 
1.5 
1.6 
1.5 
1.5 
1.5 
1.4 
1.4 
1.6 
1.6 
1.4 
1.5 
1.6 
1.6 
1.4 
1.2 

1.1 
1.1 
1.2 
1.3 
1.3 
1.3 
1.4 
1.3 
1.2 
1.1 
1.0 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.7 
1.6 
1.5 
1.4 
1.5 
1.8 
2.3 
2.4 
2.4 

2.5 
2.8 
3.7 
4.1 
4.2 
4.2 
4.1 
4.1 
4.2 
4.4 
4.6 
4.6 
4.3 
4.1 
4.0 
3.9 
4.0 
4.3 
4.3 
4.2 
4.2 
4.1 
4.0 
3.9 
3.8 
3.8 
3.6 
3.5 
3.4 
3.3 
3.1 

1 
6.9        5.0  j      2.9 
7.0        4.9  1      2.9 

7.0  5.0  1      2.9 

7.1  4.9         2.8 

1.6 

1.6 
1.6  1 
1.6  1 
1.6 
1.6 
1.6 
1.6 
1.9 
2.0 
1.9 
1.8 
1.8 
1.7 
1.7 
1.6 
1.5 
1.5 
.     1.5 
1.6 
i.7 
1.9 
1.9 
1.8 
1.8 
1.8 
2.5 
2.2 
2.1 
2.0 

.« 

1.9 

2 

2.5 

1.9 

3 

2.0 

4 

5.5  j      2.5 
4.3         2.4 

1.9 

5 

6.6 
6.3 
6.2 
6.3 
6.7 
6.9 

4.8  1      2.7 
4.7        2.6 
4.5        2.5 
4.4  1      2.5 

1.8 

« 

7 

4.5 
4.2 
3.9 
3.5 
3.2 
3.1 
3.0 

2.3 
2.3 
2.2 
2.2 
2.1 
2.1 
2.1 

1.9 
1.8 

8 

1.9 

9 

4.S 

4.  A 

2.5 
2  ft 

1.8 

10 

1.7 

11 

6.9  1      4.5         2.5 
6.7  1      4.3        2.5 
6.4I      4.1         2.4 
5.9        3.8        2.4 
5.6  1      3.6        2.3 
6.5  j      3.4         2.2 
5.3  1      3.3         2.1 
5.2         3.3         2.1 

1.6 

12 

1.5 

13 

2.8         2.0 

1.4 

14 

15 

16 

2.7 
2.7 
2.6 
2.5 
2.4 
2.3 
2.2 
2.2 
2.1 
2.1 
2.1 
4.0 
4.1 

2.0 
2.0 
1.9 
1.9 
2.0 
2.1 
2.1 
2.0 
2.0 
1.9 
1.9 
1.9 
2.0 

1.4 
1.4 
1.4 

17 

1.5 

18 

1.6 

19 

1 
5.3  1      3.2 

5.5         3.3 

5.5  3.4 

5.6  1      3.6 

2.1 
2.0 
2.0 
1.9 

1.6 

20 

1.5 

21 

a 

1.5 
1.4 

23 

5.6  j      3.7  1      2.1 
5.5  '      3.8         1.8 
6.4  1      3.6         1.7 

1.3 

24 

1.4 

25 

1.4 

26 

5.4         3.5 

5.3  1      3.4 

1.7 
1.7 

1.5 

27 

3.7  1      2.1 
3.3        2.0 
3.3  I      1.9 
3.1         1.9 

1.5 

28 

5.4  1      3.3         1.7 

1.5 

29 

5.0         3.2 
4.9  1      3.0 

1  .     .   .       3.0 

1.7 
1.7 
1.7 

1.5 

30 

1.5 

31 

2.8 

1.4 

1 

Note.— Ice  conditions  during  part  of  January  and  February. 
IRR  178—06 4 
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STREAM    MEASUREMENTS    IN    1905,  PART    XIV. 


Station  rating  table  for  Wenaichee  River  at  Cashmere  y  Wa^.,from  July  37, 190 J^y  to  Decemher 

31,  1905. 


Gage 
height. 

Discharge,  i 
Second-feet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Oa« 
height. 

Discharge. 

\ 

,     Feet. 

Feet. 

Secondrfeet. 

F^et. 

Second-feet. 

Feet. 

Second-feeL 

1        1.00 

550    ' 

2.30 

1,666 

3.60 

3,240 

'        4.90 

5,150   , 

j        1.10 

615 

2.40 

1,770 

3.70 

3,380 

5.00 

5,300   1 

1        1.20 

685    ' 

2.50 

1,875 

3.80 

3,520 

5.20 

5,620 

1        1.30 

755 

2.60 

1,985 

a90 

3,660 

5.40 

5,940 

1        1.40 

830     ' 

2.70 

2,095 

4.00 

3,800 

5.60 

6,260    ' 

1.50 

910     ' 

2.80 

2,210 

4.10 

3,950 

5.80 

6,580 

1.60 

990 

2.90 

2,330 

4.20 

4,100 

,        6.00 

6,900 

i        1.70 

1,075     1 

3.00 

2,450 

4.30 

4,250 

6.20 

7,240 

1.80 

1,165     ; 

3.10 

2,580 

4.40 

4,400 

1        6.40 

7,580 

'        1.90 

1,260     ' 

3.20 

2,710 

4.50 

4,550 

6.60 

7,920 

!        2.00 

1,360    1 

3.30 

2,840 

4.60 

4,700 

6.80 

8,280 

i        2.10 

1,460    1' 

3.40 

2,970 

4.70 

4,850 

7.00 

8,600  ; 

j        2.20 

1,560    |l 

3.50 

3,100 

4.80 

5,000 

, 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  discharge  measure- 
ments made  during  1904-5.    It  is  well  defined  between  gage  heights  1.8  feet  and  3.9  feet. 

Estimated  monthly  discharge  of  Wenaichee  Rix>er  at  Cashmere,  Wa^sh.yfor  190.^  and  1905. 


Discharge  in  second-feet. 


Month. 


Total  in 


I  Maximum.   Minimum.      Mean.    I  «^»^'«*- 


1904. 


July  27-31.. 

August 

September. 

October 

November. 
December.. 


3,600 
2,970 
1,560 
1.360 
1,985 
1,665 


2,970 

1,360 

830 

685 

615 

1,075 


3,354 

2,078 

1.122 

851 

i.iao 

1,331 


The  period . 


1905. 


January... 
February . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December. . 


The  year. 


1,165 
1,770 
4,700 
7,325 
7,410 
8,780 
5,300 
2,330 
1,875 
6,100 
1,985 
1,360 


8,780 


685 

550 
1,875 
2,210 
3,950 
5,150 
2,450 
1,075 

910 
1,260 
1,260 

755 


550 


915 
1,001 
3,702 
3,794 
4,940 
6,872 
3,727 
1,610 
1,133 
2,660 
1,476 

993 


2,735 


33.260 
127.  «D 
66,700 
52,330 
66, 6«) 
81.8« 

428,600 


56.38) 
55,590 
227,800 
22S,»0 
303,800 
406,800 
229,200 
99,000 
67,430 
163,600 
87.830 
61,060 


1,986,000 


Note.— Rating  table  applied  as  for  open  channel  during  entire  year. 
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COLUMBIA    RIVER    DRAINAGE.  48 

YAKIMA  RIVER  DRAINAGE  BASIN. 

DESCRIPTION  OP  BASIN. 

Yakiiiia  River  has  its  source  in  Keechelus  Lake,  on  the  eastern  slope  of  the  Cascade 
Mountains,  in  Kittitas  County,  Wash.  Within  a  short  distance  it  receives  the  water  of 
Kacbess  Lake,  and  2}  miles  above  Clealum  it  receives  the  outlet  of  the  last  of  the  three 
large  headwater  lakes.  Practically  its  entire  summer  flow  is  now  used  for  irrigation.  It 
enters  Columbia  River  5  miles  above  Kennewick,  Wash. 

Naches  River  has  its  source  on  the  eastern  slope  of  the  Cascade  Mountains,  in  Yakima 
County,  Wash.  It  flows  in  a  general  southeasterly  direction,  entering  Yakima  River  a 
short  distance  above  North  Yakima.  Irrigation  is  practiced  in  the  narrow  valley  along 
the  lower  course  of  the  river,  and  its  waters  are  of  greater  value  for  the  irrigation  of  lands 
west  of  North  Yakima.  The  river  has  considerable  fall,  and  the  water  can  easily  be  diverted 
by  means  of  comparatively  short  canals. 

Tieton  River  is  the  principal  tributary  of  Naches  River  and  dischai'ges  into  the  latter 
about  17  miles  above  its  junction  with  Yakima  River,  near  North  Yakima.  Its  source  is 
in  the  Cascade  Mountains  in  the  vicinity  of  Cowlitz  Pass.  A  peculiar  feature  of  the  stream 
is  the  turbid,  milk-white  appearance  of  the  water.  It  is  similar  in  this  respect  to  White 
River,  on  the  western  slope  of  the  Cascade  Range.  The  water  of  South  Fork  of  the  Tieton, 
25  miles  above  the  mouth,  is,  however,  perfectly  clear.  The  forks  head  in  the  glaciers  of 
a  peak  of  the  Cascades  known  as  Goat  Rock. 

YAKIMA  RIVER  NEAR  MARTIN,  WASH. 

Lake  Keechelus  is  the  uppermost  of  the  three  lakes  forming  the  source  of  Yakima  River. 
At  the  outlet  a  good  dam  site  exists,  and  by  the  construction  of  a  dam  a  considerable  por- 
tion of  the  flow  of  the  Yakima  at  this  point  can  be  stoped  and  used  for  irrigation  in  the 
lower  Yakima  Valley  during  the  dry  season. 

A  gaging  station  was  established  October  18, 1903,  by  G.  H.  Bliss.  It  is  1,000  feet  belo\i 
the  outlet  of  Lake  Keechelus,  800  feet  l)elow  the  dam  of  the  Cascade  Lumber  Company,  and 
4  miles  northwest  of  Martin,  Wash. 

The  channel  is  straight  for  500  feet  above  and  350  feet  below  the  station.  Both  banks 
are  high,  not  liable  to  overflow,  and  heavily  timbered.  The  current  is  swift,  and  there  is 
but  one  channel  at  all  stages.  The  bed  of  the  stream  is  composed  of  gravel  and  is  free 
from  vegetation  and  permanent. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  wire. 
The  cable  has  a  total  span  of  200  feet.  The  initial  point  for  soundings  is  the  north  face  of 
the  tree  on  the  south  (right)  bank,  to  which  the  cable  is  fastened. 

The  original  gage  was  in  two  sections  and  was  lociited  on  the  right  bank  just  above  the 
cable.  The  lower  inclined  section  read  from  5  to  7  feet.  The  upper  vertical  section  read 
from  7  to  13  feet.  Observations  were  taken  daily  from  this  gage  until  November  14,  1903, 
when  the  gage  was  destroyed  by  the  caving  of  the  river  bank.  Observations  were  then 
discontinued  until  January  28,  1904,  when  a  new  vertical  gage,  No.  2,  was  instfllknl  hy  iUv 
Yakima  Development  Company  at  a  point  75  feet  above  the  location  of  the  old  giigi%  an  J 
readings  were  resumed  by  the  United  States  Geological  Survey.  The  datum  nf  i  Jib  ge^ 
which  is  now  in  use  Ik  0.07  foot  higher  than  the  original  one.  The  gage  is  a  vi-rtirtil  rod 
fastened  to  an  overhanging  tree.  During  1905  the  gage  was  read  twice  each  day  by  Chris- 
tiaD  Hansen.  Bench  marks  were  established  as  follows:  (1)  The  top  of  a  spike*  in  the  riKJt 
on  the  north  side  of  a  large  cedar  tree  50  feet  south  and  .50  feet  west  of  the  gagi'i  f*levalion, 
21.59  feet.  (2)  A  nail  in  the  base  of  a  48-inch  fir  tree  on  the  right  bank  25  fiei  above  the 
cable  and  50  feet  from  the  river;  the  tree  is  blazed  and  marked  "B.  M.;"  elevationi  25.22 
feet.    Elevations  refer  to  the  datum  of  the  present  gage. 
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STREAM   MEA8UBEMENT8   IN   1906,  PART   XIV. 


Informatioa  in  regard  to  this  station  is  contained  in  the  following  Water-Sup|Jy  Papers 
of  the  United  States  Geological  Survey: 

Description:  100,  p  386;  135,  p  74. 
Disctaaige:  100,  p  386;  135,  p  75. 
Discharge,  monthly:  135,  p  76. 
Gage  heights:  135,  p  75. 
Rating  table:  135,  p  76. 

DisdMrge  measurements  of  Yakima  River  near  MarliUf  Wa^.f  in  1905. 


Date. 

Hydrographer. 

Width. 

Feet. 
120 
118 
105 
108 

Area  of 
section. 

Mean 
velocity. 

Oaee 
height. 

DU^ 
chaige. 

June5 

W.J.  Lightfoot 

Square 

344 
251 
130 
179 

Feet  per 
second. 

2.46 

1.52 

.50 

.80 

Feet. 
8.60 
7.60 
6.50 
6.87 

Second- 
feet 

846 

June  28 

do 

381 

August  25 

November  16 . . 

W.  C.  Muldrow 

78 

do 

1,430 

Daily  gage  height^  infeetf  of  Yakima  River  near  Martin,  W ask. ,  for  1906. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 



8.8 

8.75 

8.85 

8.65 

8.45 

8.35 

8.3 

8.3 

8.3 

8.25 

8.2 

8.1 

8.0 

7.9 

7.8 

7.7 

7.6 

7.6 

7.55 

7.5 

7.5 

7.45 

]-.: 

7.4 

... 

7.45 
7.5 
7.5 
7.5 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

7.1 
7.2 
7.2 
7.1 
7.1 
7.0 
7.0 
6.9 
6.9 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.7 
6.7 
6.7 
6.7 
6.7 
6.7 
6.8 
6.8 
6.8 
6.8 
6.8 
6.9 
6.8 
6.8 

6.8 

6.8 

6.8 

6.75 

6.75 

6.75 

6.78 

6.8 

6.8 

6.8 

6.75 

6.7 

6.65 

6.65 

6.65 

6.6 

6.6 

6.6 

6.6 

6.6 

6.7 

6.7 

6.7 

6.8 

6.9 

7.1 

7.2 

7.2 



7.5 

7.8 

7.9 

8.0 

8.2 

8.25 

8.2 

8.1 

8.15 

8.25 

8.3 

8.3 

8.15 

8.0 

7.9 

7.9 

7.9 

7.9 

7.9 

7.9 

7.9 

7.9 

7.9 

7.9 

7.8 

7.7 

7.6 

7.6 

7.5 

7.4 

7.3 

7.3 

7.2 

7.1 

7.1 

7.1 

7.1 

7.2 

7.2 

7.2 

7.2 

7.2 

7.25 

7.3 

7.4 

7.4 

7.4 

7.4 

7.4 

7.5 

7.65 

7.8 

7.9 

8.15 

8.45 

8.75 

8.8 

8.7 

8.5 

8.25 

8.0 

7.9 

7.8 

7.7 

7.7 

7.6 

7.7 

7.8 

8.1 

8.3 

8.2 

8.1 

8.0 

8.0 

8.25 

8.4 

8.3 

8.3 

8.2 

8.1 

8.0 

7.9 

7.9 

7.9 

7.95 

8.05 

8.1 

8.1 

8.4 

8.5 

8.5 

8.9 

7.4 

7.4 

7.3 

7.3 

7.3 

7.2 

7.15 

7.1 

7.1 

7.1 

7.1 

7.0 

7.0 

6.9 

6.9 

6.9 

6.9 

6.8 

6.8 

6.8 

6.8 

6.8 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.6 

6.6 

6.6 

6.6 

6.6 

6.55 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.4 

6.4 

6.4 

6.5 

6.5 

6.55 

6.6 

6..6 

6.6 

6.6 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.4 

6.4 

6.4 

6.42 

6.42 

6.4 

6.30 

6.4 

6.4 

6.4 

6.4 

6.39 

6.39 

6.42 

6.4 

6.4 

6.4 

6.42 

6.43 

6.42 

6.44 

6.43 

6.44 

6.5 

6.5 

6iB2 

6.74 

6.84 

6.87 

6.9 

6.91 



6.91 

7.15 

7.94 

8.28 

8.32 

8.37 

8.23 

8.17 

8.09 

7.94 

7.82 

7.71 

7.62 

7.56 

7.52 

7.46 

7.44 

7.4 

7.32 

7.26 

7.22 

7.17 

7.11 

7.26 

8.04 

8.09 

7.97 

7.82 

7.72 

7.56 

7.44 

7.34 

7.28 

7.23 

7.23 

7.19 

7.14  ' 

7.10 

7.06 

7.04 

7.01 

7.0 

6.94 

6.92 

6.9 

6.89 

6.87 

6.85 

6.88 

6.» 

6.98  1 

6.94  1 

6.92  1 

6.9    1 

6.88  ' 

6.9    i 

6.96  1 

7.02' 

7.16 

7.32 

7.31 

1 

7.24 

2 

7.22 

3 

7.2 

4 

7.14 

5 

7.12 

6 

7.12 

7 

7.1 

8 

7.08 

9 

7.04 

10 

7.02 

11 

6.98 

12 

6.96 

13 

6.93 

14 

6.9 

15 

6.88 

16 

6.86 

17 

6.92 

18 

6.94 

19 

6.92 

20 

6.9 

21 

6,86 

22          .... 

6.85 

23 

686 

24 

25 

685 
688 

26 

6.92 

27 

695 

28 

694 

29 

6.92 

30 

6.9 

31 

6.88 

Note.— No  Ice  record. 
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Station  rating  tahUfor  Yakima  River  near  Martin ,  Wash. ,  from  January  1  to  December  31, 

1906. 


Gaffe 
height. 

Discharge. 

1     Gaee 
height. 

Discharge. 

1     Gage 
height. 

Discharge. 

Gaee 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1 

'     Feet. 

Second-feet. 

Feet. 

Second-feet. 

e.20 

58 

7.00 

178 

1       7.70 

430 

8.40 

748 

6.40 

67 

7.10 

206 

7.80 

472 

8.50 

798 

6.50 

78 

7.20 

240 

7.90 

516 

8.60 

848 

&60 

90 

7.30 

274 

1     aoo 

560 

.a70 

806 

6w70 

106 

7.40 

310 

8.10 

606 

8.80 

950 

&80 

126 

7.50 

348 

'        a20 

652 

8.90 

1,004 

6.90 

150 

7.60 

388 

'        8.30 

700 

9.00 

1 

1,058 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  discharge  measure- 
ments made  during  1903-1905     It  is  well  defined. 

Estimated  monthly  discharge  of  Yakima  River  near  Martin^  Wash.  ^  for  1906. 
(Drainage area,  56  square  miles] 


Month. 


Discharge  in  second-feet. 

Total  in 
acre-feet. 

Maximum. 

Minimum. 

Mean. 

240 

106 

143 

8,793 

240 

90 

124 

6,887 

700 

274 

522 

32,100 

950 

208 

419 

24,930 

1,004 

388 

603 

37,080 

977 

310 

534 

31,780 

310 

90 

169 

10,390 

90 

67 

79.7 

4,901 

153 

66 

80.9 

4,814 

734 

153 

430 

26,440 

288 

138 

191 

11,360 

254 

138 

173 

10,640 

1,004 

66 

289 

210, 100 

Run-off. 


Second-feet 
r  BC 
mil 


per  square 
nile. 


Depth  in 
inches. 


January 

February 

March 

April 

M»y 

June 

July 

August 

September 

October 

November 

Deoemtwr. 

The  year. 


2.55 
2.21 
9.32 
7.48 
10.77 
9.54 
3.02 
1.42 
1.44 
7.68 
3.41 
3.09 


2.94 

2.30 

10.74 

8.34 

12.42 

10.64 

3.48 

1.64 

1.61 

8.85 

3.80 

3.50 


5.16 


70.32 


YAKIMA  RIVER  NEAR  NORTH  YAKIMA,  WASH. 

This  station  was  established  May  5, 1904,  by  G.  H.  Bliss,  and  was  discontinued  October  15, 
1905.  It  is  located  at  the  highway  bridge  at  Selah  Gap,  2\  miles  north  of  North  Yakima, 
Wash.,  one-fourth  mile  above  the  confluence  of  Yakima  and  Naches  rivers,  and  300  feet  east 
of  the  bridge  of  the  Northern  Pacific  Railway. 

The  channel  is  straight  for  about  800  feet  above  and  600  feet  below  the  station.  The  cur- 
rent is  sluggish  at  low  stages.  Both  banks  are  low,  partly  wooded,  and  subject  to  overflow 
during  high  water.  The  bed  of  the  stream  is  composed  of  gravel  and  sand,  and  is  free  from 
vegetation,  and  stable.    There  is  one  channel  at  all  stages,  broken  by  three  bridge  piers. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  bridge.  The  initial 
point  for  soundings  is  a  point  marked  zero  on  the  top  railing  near  the  right  end  of  the  bridge, 
downstream  side. 

A  staff  gage  is  fastened  vertically  to  the  south  side  of  the  pier  at  the  right  end  of  the 
four-span  highway  bridge.  During  1905  the  gage  was  read  once  each  day  by  Patrick 
Gallagher.  The  bench  mark  is  the  top  of  the  shoe  plate  on  the  lower  side  of  the  bridge  above 
the  pier  nearest  the  right  bank;  elevation,  16.64  feet  above  the  datum  of  the  gage. 
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STREAM    MEASUREMENTS    IN    1905,   PART    XIV. 


A  description  of  this  station,  with  gage  heights,  discharge  data,  and  rating  table,  b  con- 
tained in  Water-Supply  Paper  No.  135,  United  States  Geological  Survey,  pages  79-81. 

Daily  gage  height,  in  feet,  of  Yakima  River  near  North  Yakima,  Wash.,  for  1905. 


Day. 

June.  1  July. 

Aug.  1 

1 

Sept. 

2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 

Oct. 

2.8 
2.8 
3.6 
4.2 
4.5 
4.6 

1         Day. 

June. 
4.7 

July. 

3.0 

2.9 

2.9 

2.8 

2.8 

2.8 

2.75 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.65 

2.6 

Aug. 

2.4 
2.4 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.3 

Sept. 

Oct. 

1 

4.4 

6.3  1 

6.5  1    4.2 
I     4.1 

6.8  '    4.0 

6.7  3.9 

6.3  1     3.7 

5.8  '    3.5 
5.7       3.5 

5.7  3.4 

5.6  3.3 

5.4  1    3.2 
5.2  1    3.0 

4.9  3.0 

4.8  3.0 
1 

2.6 
2.6  1 
2.6  i 
2.6  1 

2.5 ; 

2.5  1 
2.5' 
2.5' 

2.5  1 
2.5  j 
2.5 
2.5  1 

1 

2.4  1 
2.4  1 
2.4, 

1 

'  17 

'  18 

2 

2.2  

3 

4 

5 

6 

7 

19 

20 

'  21 

22 

'23 

4.4 

4.2 
4.2 
4.2 
4.3 
4.3 

2.2   

2.2    

2-2   

2.3   

2.3    

8 

124 

9 

4.3 
4.0 
4.0 
3.9 
3.8 

125 

■■■2:3'::;::. 

10 

1  26 

'27 

I- 

'  29 

4.3 
4.3 
4.9 
4.7 
4.6 

2.4 1 

11 

12 

13 

2.4 

2.5 1 

2.6  1 

uZ : 

3.8 

I  30 

2.8  ' 

15 

1 
31 

16 

YAKIMA  RIVER  NEAR  YAKIMA,  WASH. 

Yakima  River  enters  Columbia  River  just  above  the  town  of  Pasco.  The  first  measure- 
ment of  the  river  was  made  at  this  point  August  14,  1893.  The  station  was  originftllj 
located  at  the  county  bridge  at  Union  Gap,  2  miles  below  Yakima,  Wash.  The  station  was 
reestablished  in  August,  1895,  a  cable  and  new  gage  being  installed  about  1,000  feet  below 
the  bridge.  It  is  about  3  miles  above  the  intake  of  the  Sunnyside  canal.  The  station  is  of 
value,  as  it  is  the  only  point  near  the  large  irrigated  area  above  and  below  which  is  unaffected 
by  the  taking  out  of  water  in  irrigating  canals. 

The  channel  is  straight  for  1 ,000  feet  above  and  below  the  station.  The  current  has  a  mod- 
erate velocity.  The  right  bank  is  high,  not  liable  to  overflow,  and  is  covered  with  sagebrush. 
The  left  bank  is  a  low  gravel  bar  which  overflows  during  extreme  high  water.  The  bed  of  the 
stream  is  composed  of  gravel  and  is  free  from  vegetation  and  permanent.  There  is  one  chan- 
nel at  low  water  and  two  channels  at  ordinary  and  flood  stages. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  and  ta^ed  wire.  The  initial 
point  for  soundings  is  a  cross  chiseled  on  a  rock  2.7  feet  from  the  cable  support  on  the  right 
bank. 

The  present  gage  is  an  inclined  rod  attached  to  a  willow  stump  and  post  set  in  the  ground. 
During  1905  the  gage  was  read  once  each  day  by  Hugh  Kennedy.  Bench  marks  were  estab- 
lished as  follows :  (I )  The  top  of  a  large  bowlder  between  two  other  bowlders  43  feet  north  of 
the  gage  and  6.5  feet  east  of  the  fence;  elevation,  17.52  feet.  (2)  The  top  of  a  large 
bowlder  under  the  railroad  fence  12  feet  north  of  the  gage;  elevation,  21.29  feet.  (3)  The 
initial  point  for  soundings;  elevation,  17.45  feet.  The  bench  marks  are  marked  "B.  M." 
with  black  paint.    Elevations  refer  to  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  of  the 
United  States  Geological  Survey  (Ann=Annual  Report;  Bull=Bulletin;  WS=Wat«^ 
Supply  Paper): 

Description:  Ann  14,11,  pp  133-134;  18,  iv,  pp  356-357;  19,  lv.p479;  Bulll40,  pp  245-246;  W816,pl75; 
28,  p  159;  38,  pp  373-374;  51,  p  441;  66,  p  135;  85,  pp  188-189;  100,  pp  376-377;  136,  pp  81-«2. 

Discharge.  Ann  14,  ii,p  134;  18,lv,p357;  19,  iv,p480;  Bull  131,  pp  90, 92;  140, p  246;  W816,pr5;38. 
plti9;  38.  p  374;  61,  p  441;  85,  p  189;  100,  p  377;  136,  p  83. 
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Dist^iAilge,  monthly:  Ann  18,  Iv,  p  358;  19,  iv,  p  480;  20,  Iv,  pp  499, 500;  21,  Iv,  p  427;  22,  iv,  p  447;  W8 
p  75,  202;  85,  p  190;  100,  p  378;  135,  p  84. 

DiacdkATse,  yearly:  Ann  20,  iv,  p  62. 

G«ee  heights:  Biilll40,  p  247;  WSll,p85;  16,  p  175;  28,  p  165;  38,  p  374;  51,  p  442;  66,  p  135;  85,  p  180; 
100,  p  377;  135,  p  83. 

Hydro^raphsi  Ann  19,  Iv,  pp  480, 481;  20,  iv,  p  501;  21,  iv,  p  428;  22,  iv,  p  447. 

Ramfkll  and  run-off  relation:  Ann  20,  iv,  p  500. 

Rating  tables:  Ann  18  iv,  p.  357;  19,  iv,  p.  479;  W8  28,  p.  170;  30,  p.  451;  52,  p.  522;  66,  p.  177;  85, 
p  190:  100,  p378;  135,  p  84. 

Discharge  measuremenls  of  Yakima  River  near  Yakima j  Wash.y  in  1905, 


Date. 


Hydrographer. 


April  19 W.  J.  Lightfoot 

September  2  ...    W.  C.  Miildrow 

October  26 do 

November  18 . .    Sawyer  and  If  uldrow 


Daily  gage  height  ^  in  feet  ^  of  Yakima  River  near  Yakima  ^  W  ash.  y  for  1905. 


Day. 


Jan.      Feb.     Mar.  I  Apr.     May. 


%.. 
».. 
10.. 
11.. 
12.. 
U.. 
14.. 
15.. 
16.. 
17.. 
18.. 
».. 
2D.. 
21.. 
22.. 
23.. 
24.. 
25.. 

a.. 

27.. 

a., 
a.. 

30.. 
31.. 


5.0 
5.0 
5.0 
5.0 
4.9 
4.9 
4.9 
4.9 
4.9 
4.8 
4.6 
4.4 
4.4 
4.4 
4.2 
4.4 
4.6 
4.7 
4.7 
4.7 
4.7 
4.6 
4.6 
4.7 
4.7 
4.7 
4.8 
4.9 
4.8 
4.7 
4.5 


I 


4.5 

7.2 

5.8 

4.6 

7.8 

5.8  1 

4.5 

7.8 

5.9 

4.4 

7.9 

5.9 

4.5 

7.9 

6.0; 

4.6 

7.9 

6.0  ' 

4.6 

7.7 

5.9 

!     ^5 

7.9 

5.8  i 

_      J 

4.3 
4.4 

4.5 
4.6 
4.5 
4.4 

4.5 
4.6 
4.6 
4.5 
4.4 
4.0  I 
3.9  I 
3.9  I 
3.9  ! 
3.8 
3.8  I 

3.8  I 

3.9  ' 
4.0  i 
4.9' 
5.2 
5.5  I 
6.5 
5.4 
5.4  ' 
5.4 
5.9  I 


6.0 


7.9 

7.8  i 

7.9  j 
7.9  I 
7.6 
7.3 
7.3  ' 

7.3  I 

7.4  ' 

7.5  j 
7.4 
7.3 

7.2  i 
7.2 
7.1  I 
7.0  I 
6.9 

6.6 ; 

6.4  , 

6.3  I 
6.3    . 


6.0  I 

5.9' 

5.8 

5.8 

5.9 

5.9 

6.0 

6.0 

5.9 

5.8 

5.8  i 

5.9  ' 
5.9 
6.1 
6.2 
6.1 
6.0 
6.0 
6.0 
6.0 
5.9 
6.0 
6.3 
6.8 
7.4 
7.8 
8.0 
7.9 
7.3 
7.0 


6.1 
6.0 
6.0 
6.0 
6.1 
6.3 
6.4 
7.0 
7.0 
6.7 
6.5 
6.3 
6.4 
6.6 


6.6  I 
6.5  I 
6.4  I 
6.2  j 
0.2 
6.2  I 
0.2  I 

0.1  I 

6.1  I 
0.4  I 
0.7 
0.7  ' 
7.4  I 


Juno.  I  July.  I  Aug.  |  Sept. 


7.7  I 
7.9 

8.3  I 
9.1 

8.8  I 
8.3 
8.0  I 
7.8 

7.6  I 
7.6 

7.6  I 

7.5 ; 

7.5  I 
7.3 

7.2  I 

6.9  ' 
6.5  I 
6.5 
0.4  I 

6.3  I 
0.3 
6.3 
0.3  j 
0.3  ' 
6.4 

6.7  , 
7.0 
0.9  I 
0.7 
0.7 


6.5 
6.4 
6.3 
6.3 
6.0 
6.0 
5.9 
5.7 
5.4 
5.3 
5.3 
5.1 
5.1 
4.9 
4.9 
4.7 
4.6 
4.0 
4.5 
4.4 
4.4 
4.4 
4.3 
4.4 
4.3 
4.2 
4.3 
4.2 
4.2 
4.2 
4.1 


4.1 
4.1 
4.1 
4.0 
4.0 
4.0 
3.9 
3.9 
3.8 
3.8 
3.7 
3.7 
3.7 
3.7 
3.6 
3.6 
3.6 
3.6 
3.0 
3.0 
3.7 
3.0 
3.6 
3.6 
3.0 
3.0 
3.0 
3.0 
3.0 
3.6 
3.0 


3.6 

3.6 

3.6 

3.6 

3.6 

3.65 

3.68 

3.68 

3.62 

3.62 

3.68 

3.7 

3.7 

3.8 

3.75 

3.7 

3.7 

3.72 

3.7 

3.7 

3.72 

3.8 

3.8 

3.8 

3.8 

3.8 

3.78 

3.9 

4.0 

4.0 


Oct. 

Nov. 

Dec. 

4.1 

5.1 

4.7 

4.15 

5.0 

4.7 

4.15 

4.9 

4.6 

5.1 

4.9 

4.65 

5.8 

6.4 

6.45 

6.4 

6.0 

5.9 

5.8 

5.8 

5.8 

5.4 

5.3 

5.2 

5.15 

5.0 

5.0 

4.9 

4.9 

4.8 

4.7 

4.7 

4.7 

5.0 

5.8 

5.8 

5.7 

5.6 

5.2 


4.8 

4.8 

4.7 

4.7 

4.6 

4.6 

4.6 

4.55 

4.5 

4.5 

4.4 

4.4 

4.35 

4.35 

4.4 

4.45 

4.45 

4.4 

4.4 

4.4 

4.3 

4.4 

4.5 

4.6 

4.7 

4.7 


4.7 

4.7 

4.7 

4.75 

4.65 

4.5 

4.45 

4.45 

4.45 

4.4 

4.4 

4.3 

4.3 

4.35 

4.3 

4.3 

4.35 

4.35 

4.3 

4.3 

4.35 

4.4 

4.4 

4.3 

4.3 

4.2 

4.2 


I 
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STREAM   MEASUREMENTS    IN    1905,  PART    XIV. 


YAKIMA  RrV^ER  AT  PROSSER,  WASH. 

This  station  was  established  May  30, 1904,  by  G.  H.  Bliss.  It  is  located  at  the  h^way 
bridge  600  feet  below  Prosser  Falls  at  Prosser,  Wash. 

The  channel  is  straight  for  about  100  feet  above  and  600  feet  below  the  station.  'Die 
current  above  the  station  is  swift,  the  foot  of  the  rapids  being  150  feet  above.  The  cumot 
below  the  station  is  sluggish  at  ordinary  and  swift  at  higher  stages.  Both  banks  are  hi^ 
and  not  subject  to  overflow.  The  bed  of  the  stream  is  composed  of  rock  and  is  free  from 
vegetation  and  permanent.  There  are  lai^  bowlders  in  the  channel.  There  is  but  ooe 
channel  at  all  stages,  broken  by  the  trestle  bents  on  either  side  during  the  hi^ier  stages. 

Dischai^  measurements  are  made  from  the  downstream  side  of  the  bridge,  which  has  a 
single  span  with  trestle  approach  at  either  end.  The  initial  point  for  soundings  is  a  nail 
driven  into  the  downstream  guard  rail  30  feet  from  the  right  bank. 

A  standard  chain  gage  is  attached  to  the  upstream  side  of  the  bridge  near  the  right  bank^, 
length  of  the  chain,  28.06  feet.  During  1905  the  gage  was  read  once  each  day  by  J.  N. 
Jacoby.  Bench  marks  were  established  as  follows:  (1)  A  spike  in  a  sill  on  the  east  end  of 
the  pump  of  the  Prosser  Irrigation  Company's  canal;  elevation,  13.87  feet.  (2)  A  apike 
on  an  upright  bridge  timber  20  feet  south  of  the  steel  and  concrete  pier  on  the  south  bank; 
elevation,  11.42  feet.  (3)  The  top  of  the  steel  cylinder  of  the  concrete  pier  at  the  right 
bank,  upstream  side;  elevation,  23.92  feet.    Elevations  refer  to  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  heights,  discharge  data,  and  rating  table  is  con- 
tained in  Water-Supply  Paper  No.  135,  United  States  Qeological  Survey,  pages  85-87. 

Discharge  measuremerUs  of  Yakima  River  cU  Prosser j  Wash.,  in  1905. 


Date. 

Hydrographer.                    Width. 

Area  of 
section. 

Mean 
velocity. 

height. 

Dis- 
charge. 

August  17 

Feet. 
Bliss  and  Muldrow 

T" 

Feet  per 
second. 

Feet. 

ass 

.43 
3.76 

Seeomt- 
feet. 

September  1 . . . 

0.  H.  Bliss 1 

•  ITS 

October  22 

W.C.  Muldrow 130 

1,102 

1.77 

M,960 

a  Dischaive  of  river  is  found  by  adding  the  sum  of  the  measured  discharges  of  the  power  flumes  to  tbt 
estimated  discharge  of  the  river  below  the  dam  and  subtracting  the  discharge  of  the  pumps: 


Aug.  17. 

Sept.  1. 

Prosser  flume , 

185 
0 
20 

106 

Taylor  flume 

58 

Esiimated  for  river 

20 

Discharge  of  pumps 

205 
0 

183 

7 

Flow  at  gage 

194 

176 

b  Measured  at  the  bridge. 
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Daily  gage  hei^,  in  feet ,  of  Yakima  River  at  Prosser,  Wash.,  for  1905, 

Aug.      Sept.  I    Oct.       Nov.  |    Dec. 


D«y. 

June. 

1 

2 

3 



4 

5 

6 

8, 

7.81 

9 

7.68 

10 

7.68 

11 

7.77 

12 

7.81 

u 

7.43 

14 

7.18 

15 

6.93 

1« 

6.35 

17 ; 

6.18 

Ig 

6.75 

19 

5.68 

30 

5.6 

21 

5.64 

22 

5.51 

23 

5.51 

24 

5.6 

25 

5.6 

2S 

5.6 

27 

5.68 

28 

6.1 

29 

6.18 

30 

6.01 

31 

5.76 

5.6 

5.51 

5.43 

5.18 

4.03 

4.6 

4.43 

4.18 

3.93 

3.76 

3.43 

3.3 

3.3 

3.1 

2.93 

2.8 

2.68 

2.6 

2.43 

2.18 

2.43 

2.1 

2.18 

2.1 

1.93 

1.85 

1.85 

1.85 

1.85 

1.68 


1.76 

1.68 

1.68 

1.6 

1.51 

1.43 

t.43 

1.35 

1.26 

1.1 

.93 

.76 

.6 

.51 

.51 

.51 

.51 

.51 

.51 

.51 

.51 

.51 

.47 

.51 

.55 

.55 

.51 

.81 

.43 

.43 

.43 


0.43  I 
.51 
.51 
.51 
.55 
.51 
.51 
.55 
.68 
.68 
.68 
.85 
1.26 
1.01 
1.18 
1.26 
1.01 
1.26 
1.26 
1.26 
1.35 
1.35 
1.35 
1.6 
1.51 
1.51 
1.68 
1.76  j 
1.93  { 
1.93  I 
I 


1.93 

1.76 

2.01 

2.51 

3.93 

5.1 

5.43 

5.6 

5.26 

5.01 

4.85 

4.6 

4.43 

4.26 

4.18 

4.01 

3.93 

3.85 

3.85 

3.76 

3.68 

3.76 

3.68 

3.43 

3.51 

3.60 

4.93 

5.01 

4.76 

4.68 

4.43 


4.26 

3.03 

4.43 

3.  £5 

4.43 

3.85 

4.18 

3.85 

4.1 

3.76 

4.1 

3.85 

3.93 

3.76 

3.76 

3.68 

3.76 

3.68 

3.68 

3.68 

3.6 

3.6 

3.6 

3.51 

3.68 

3.43 

3.68 

3.35 

3.6 

3.26 

3.6 

3.43 

3.68 

3.43 

3.51 

3.51 

3.43 

3.51 

3.43 

3.51 

3.51 

3.43 

3.51 

3.43 

3.51 

3.35 

3.43 

3.35 

3.43 

3.18 

3.43 

3.18 

3.51 

3.1 

3.76 

3.18 

3.93 

3.35 

3.93 

3.43 

Non.— Low-water  estlmfttes  for  this  station  may  be  obtained  by  taking  the  sum  of  the  flow  of 
Yakima  River  at  Kiona;  the  Kiona  Canal  and  Kiona  Water-Supply  Canal. 

YAKIMA  RIVER  AT  KIONA,  WASH. 

This  station  was  established  August  20, 1895.  It  is  located  at  the  highway  bridge  on  the 
county  road  about  1,800  feet  northwest  of  the  Northern  Pacific  Railway  station  at  Kiona, 
Wash.    It  is  about  23  miles  above  the  mouth  of  the  river. 

The  channel  is  straight  for  500  feet  above  and  400  feet  below  the  station.  The  current 
his  a  moderate  velocity.  The  right  bank  is  low,  but  is  well  protected  by  a  levee  and  is  not 
subject  to  overflow.  The  bed  of  the  stream  is  composed  of  fine  gravel,  not  subject  to  change. 
At  low  water  the  river  flows  beneath  the  middle  main  span ;  at  high  water  it  passes  under  an 
additional  shorter  span  at  each  end  of  the  bridge. 

Dischaige  measurements  are  made  from  the  upstream  side  of  the  bridge,  to  which  the  gage 
is  attached.  There  is  a  stay  wire  70  feet  above  the  bridge.  The  initial  point  for  soundings 
is  a  point  on  the  west  side  of  the  bridge  100  feet  south  of  the  center  of  the  south  pier  of  the 
main  span. 

Tlie  original  gage  consisted  of  an  inclined  and  a  vertical  section,  spiked  to  the  east  end  of 
the  south  pier  of  the  bridge  and  anchored  with  rocks.  The  gage  used  during  1905  up  to 
December  23  was  of  the  wire  type,  and  was  located  on  the  downstream  side  of  the  bridge 
between  the  fifth  and  seventh  verticals  from  the  right  bank;  length  of  the  wire,  27.21  feet. 
The  distance  from  the  end  of  the  scale  board  to  the  outside  edge  of  the  pulley  was  2.00  feet. 
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December  23,  1905,  a  staff  gage  was  installed,  consisting  of  a  vertical  section  bolted  U>  the 
downstream  side  of  the  pier  near  the  right  bank  and  an  inclined  section  at  the  foot  of  the 
pier.  During  1905  the  gage  was  read  once  each  day  by  H.  A.  Shandy.  Bench  marks  were 
established  as  follows:  (1)  The  top  of  a  spike  in  the  east  end  of  the  cap  of  the  first  insist 
bent  on  the  right  bank;  elevation,  20.94  feet.  (2)  A  spike  on  the  north  side  of  the  sUj- 
wire  post  on  the  right  bank ;  elevation,  18.73  feet.  (3)  A  nail  in  the  upstream  end  of  tbf 
first  trestle  bent  on  the  left  bank;  elevation,  18.73  feet.  Elevations  refer  to  the  datum  of 
the  gage.  The  United  States  Geological  Survey  standard  iron  bench-mark  post,  near  the 
Northern  Pacific  Railway  station,  has  an  elevation  above  sea  level  of  515  feet,  62.0G  feet 
above  the  datum  of  the  gage.    All  bench  marks  are  marked  "B.  M."  with  black  paint. 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  of  the 
United  States  Geological  Survey  (Ann  =  Annual  Report;  Bull  =  Bulletin;  WS  =  Water- 
Supply  Paper): 

Deacription:  Ann  18,  iv,  p358;  19,  iv,  p  481;  Bull  140,  p  248;  WS  16,  p  176;  28,  p  159;  38.  p375;  51,  p  442; 
66.  p  136;  85,  p  186;  100.  pp  373-374;  135,  pp  87-88. 

Discharge:  Ann  18,  iv,  p  358;  10,  iv.  p  483;  Bull  140,  p  248;  WS  16,  p  176;  28,  p  160;  38.  p  375;  51.  p  442; 
66,  p  136;  85,  p  186;  100,  p  374;  135.  p  88. 

Discbarge,  monthly:  Ann  18,  Iv,  p  359;  19,  iv,  p  485;  20,  iv,  pp  499, 502;  21,  iv,  p  428;  22.  Iv.  p  448;  WS 
75,  p  203;  85,  p  188;  100,  p  375;  135,  p  80. 

Discharge,  yearly:  Ann  20,  iv,  p  62. 

Oage  heights:  BuU  140,  p  249;  WS  11,  p  83;  16,  p  176;  28,  p  165;  38,  p  375;  51.  p  443;  66,  p  136;  85.  p  1^, 
100,  p  374;  135,  p  88. 

Hydrographs:  Ann  19,  iv,  p  486;  20,  iv,  p  502;  21,  iv,  p  429;  22,  iv,  p  448;  WS  75,  p  203. 

Rainfall  and  run-off  relation:  Ann  20,  iv,  p  500. 

Rating  tables:  Ann  18,  iv,  p  359;  19,  iv,  p  484;  WS  28,  p  170;  39,  p  454;  52,  p522;  66,  p  177;  ^5,  p  187;  lOQ, 
p  375;  135,  p  89. 

Discharge  measurements  of  Yakima  River  at  Kiona,  Wash.,  in  1905. 


Date. 


May  10 

June  12 

August  24.. 
September  14. . 
September  14  a. 

October  19 

October  22 

November  22. . 


Hydrographer. 


W.  J.  Lightfoot 

do 

W.  C.  Muldrow 

Frank  Halfpenny 

do 

W.C.  Muldrow 

do 

Muldrow  and  Sawyer. 


Width, 


Feet. 
253 
298 
62 
205 
125 
217 
130 
248 


Area  of 
section. 


Square 
feet. 

1,527 

2,008 

70 

531 

128 

1,063 

1,102 

1,008 


Mean 
velocity. 


Feet  per 
second. 

3.49 

4.67 

2.63 

.57 

2.26 

2.19 

1.77 

1.89 


Qage    I     Dis- 
heignt    ;  chsrge. 


Feet. 
7.50  I 
8. 80  I 
2.60  I 
2.00 
2.90 
5.15 
4.76 
5.05 


Seccfod- 
feeL 

5,3Z: 

0,377 

1S3 

SOS 

so 

2,317 
l.ftSO 
1,905 


a  Made  above  rapids. 
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0.. 
JO.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 

18.. 
19.. 
20.. 
21.. 
•  22.. 
23.. 
24.. 
25.. 
K.. 
27 
28.. 
29.. 
30.. 
31.. 


5.81 
5.65 
5.6 
5.55 
5.55 
5.  a* 
5.4 
5.4 
5.48 
5.2 
5.1 
4.4 
4.4 
4.5 
5.0 
5.0 
5.2 
5.2 
5.3 
5.3 
5.0 
4.98 
4.9 
4.88 
4.92 
4.96 
.5.0 
4.95 
5.2 
5.15 
5.2 


4.9 

4.85 

4.8 

4.85 

4.9 

4.9 

4.85 

4.8 

4.82 

4.65 

4.7 

4.3 

4.48 

4.25 

4.45 

4.5 

4.6 

4.6 

4.6 

4.7 

4.7 

5.5 

5.9 

5.9 

5.78 

5.82 

6.3 

6.5 


6.65 

7.0 

7.62 

8.48 

8.95 

9.25 

9.38 

9.25 

9.1 

9.2 

9.3 

9.45 

9.4 

9.15 

8.8 

8.55 

8.6 

a65 

8.75 

8.7 

8.65 

8.6 

8.4 

8.2 

8.0 

8.0 

7.9 

7.6 

7.58 

7.25 

7.0 


6.9 

6.7 

6.6 

6.4 

6.2 

6.1 

6.0 

6.3 

6.2 

6.3 

6.3 

6.2 

6.15 

6.3 

6.5 

6.5 

6.4 

6.3 

6.3 

6.3 

6.45 

6.75 

7.0 

7.2 

7.8 

ass 

9.2 
9.0 
8.5 

a2 


7.5 
7.2 
6.8 
6.5 
6.4 
6.3 
6.2 
6.3 
6.8 
7.5 
7.5 
7.3 
6.4 
6.7 
6.6 
6.8 
7.0 
6.9 
6.9 
6.8 
6.5 
6.6 


8.2 
S.9 
9.3 
9.9 
10.4 
9.9 
9.5 
9.0 
8.6 
8.8 
8.9 
&8 
8.3 
7.9 
7.7 
7.4 
7.1 
6.9 
6.7 
6.5 
6.5 
6.4 


July. 

Aug. 

6.8 

3.35 

6.7 

3.3 

6.6 

3.35 

6.4 

3.25 

6.1 

3.2 

6.0 

3.2 

6.8 

3.1 

5.5 

3.0 

5.3 

3.0 

5.1 

2.8 

5.0 

2.7 

4.9 

2.5 

4.8 

2.7 

4.7 

2.6 

4.65 

2.5 

4.5 

2.4 

4.2 

2.4 

4.0 

2.5 

4.0 

2.6 

3.9 
3.7 
3.4 


6.5 

6.4 

3.8 

6.5 

6.4 

4.0 

6.4 

6.6 

3.8 

6.4 

6.5 

3.7 

6.2 

6.4 

3.5 

6.4 

6.7 

3.4 

0.7 

6.9 

3.3 

7.3 

7.1 

3.35 

7.8 

3.30 

2.6 

2.6 

2.55 

2.6 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.55 

2.4 


Sept. 

Oct. 

Nov. 

Dec. 

2.4 

3.7 

5.6 

5.3 

2.45 

3.75 

5.6 

5.3 

2.45 

3.8 

5.4 

5.3 

2.4 

3.9 

5.4 

5.3 

2.4 

4.7 

5.3 

5.3 

2.45 

5.75 

5.3 

5.2 

2.5 

6.6 

5.2 

5.15 

2.55 

6.7 

5.15 

5.15 

2.7 

6.8 

5.15 

5.1 

2.8 

6.2 

5.2 

5.1 

2.8 

6.0 

5.15 

5.05 

2.8 

5.7 

5.1 

5.05 

2.85 

5.6 

5.1 

5.0 

2.85 

5.4 

5.1 

5.0 

2.9 

5.4 

6.06 

5.0 

3.0 

5.35 

5.0 

5.0 

3.0 

5.3 

4.9 

5.0 

3.0 

5.2 

4.9 

4.95 

3.0 

5.2 

5.0 

4.95 

3.2 

5.1 

4.9 

4.95 

ai 

5.0 

5.0 

5.05 

3.1 

5.0 

5.0 

5.1 

3.15 

5.0 

5.05 

5.2 

3.2 

5.0 

5.0 

4.85 

3.3 

4.9 

4.95 

4.85 

3.3 

5.0 

4.9 

4.9 

3.35 

5.8 

5.0 

4.95 

3.4 

6.2 

5.1 

5.0 

3.5 

6.3 

5.3 

5.0 

3.6 

6.4 

5.3 

4.95 

5.8 

4.95 

Siaiion  rating  table  for  YaJcima  River  at  Kiona,  Wash.,  from  January  1, 1904 ,  to  December  31, 

1906. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second- feet.. 

Feel. 

Second- feet. 

Feet. 

Second- feet. 

Feet. 

Second-feet. 

2.40 

142    1 

3.90 

835 

5.40 

2,420 

7.80 

6,940 

2.50 

164 

4.00 

910 

5.50 

2,560 

8.00 

7,400 

2.60 

188 

4.10 

990 

5.60 

2,700 

8.20 

7,870 

2.70 

215 

4.20 

1,070    1 

5.70 

2,850    1 

a40 

8,350 

2. 80 

245 

4.30 

1,160    1 

5.80 

3,000 

8.60 

8,830 

2.90 

280 

4.40 

1,250    ' 

5.90 

3,160 

8.80 

9,320 

3.00 

315 

4.50 

1,350    1 

6.00 

3,320 

9.00 

9,820 

3.10 

355 

4.60 

1,450    1 

6.20 

3,650 

9.20 

10,320 

3.20 

395 

4.70 

1,560 

6.40 

3,990 

9.40 

10,840 

3.30 

440 

4.80 

1,070    1 

6.60 

4,350 

9.60 

11,360 

3.40 

490 

4.90 

1,780    j 

6.80 

4,740    1 

9.80 

11,880 

■       3.50 

555 

5.00 

1,900 

7.00 

5,160 

10.00 

12,400 

3.60 

620 

5.10 

2,020    ! 

7.20 

5,600 

10.20 

12,920 

3.70 

690 

5.20 

2,150 

7.40 

6,040 

10.40 

13,450 

3.80 

760 

5.30 

2,280 

7.00 

6,480 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  16  discbarge  measure- 
meoit  made  during  1902-1905.    It  is  well  defined.  f 
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Estimated  monthly  discharge  of  Yakima  River  at  Kiona,  Wash. ,  for  1905. 
[Drainage  area,  5,230  square  miles.) 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discbarge  in  second-feet. 


Maximum.   Minimum.      Mean 


3,016 
4,170 
10,970 
10,320 
6,940 
13,450 
4,740 
465 
620 
4,740 
2,700 
2,280 


13,450 


1,250 

1,115 

4,445 

3,320 

3,650 

3,990 

440 

142 

142 

090 

1,780 

1,725 


142 


2,126 
1,972 
8,477 
4,998 
4,720 
7,143 
1,757 
240 
304 
2,522 
2,071 
1,980 


3,192 


I     Run-off. 


130,700  j 
109,500  , 
521,200 
297,400  ! 
290,200  ' 
425,100  I 
106,000  I 
14,760  I 
18,000  I 
155,100  I 
123,200  I 
121,800  I 


2,315,000  I 


0.407  ' 
.377 

1.62 
.956  > 
.902 

1.37 
.336 
.046 
.058 
.482 
.396 
.379 


.611 


,m 
Ls: 
Lo: 

LM 
1.51 

.» 

.€65 

.5» 

.4r 


&31 


CANAL.8  IN  YAKIMA  VALLEY,  IVASHINGTON. 

Nowhere  in  the  State  of  Washington  has  irrigation  been  practiced  longer  or  have  matten 
pertaining  to  irrigation  reached  a  higher  state  of  development  than  in  Yakima  Valley. 
The  rapid  fall  of  the  rivers,  the  great  fertility  of  the  soil,  and  the  climatic  conditions  hare 
all  served  to  bring  this  about. 

The  chief  sources  of  water  supply  for  irrigation  canals  are  Yakima  and  Naches  rivere. 
The  Naches,  when  it  joins  the  Yakima,  has  already  received  the  water  of  the  Tieton.  Besides 
these  rivers,  Wenas,  Cowiche,  Atanum,  Toppenish,  and  Satus  creeks,  with  some  small 
creeks  in  the  vicinity  of  Ellensburg,  irrigate  large  areas  of  land  lying  in  the  valleys  througii 
which  they  flow.  About  100,000  acres  of  land  are  at  present  under  irrigation  from  tbe« 
sources,  and  with  the  available  storage  reservoirs  at  the  heads  of  Yakima,  Naches,  and 
Tieton  rivers,  it  is  probable  that  300.000  acres  additional  could  be  irrigated,  if  the  water 
were  used  economically . 

There  are  at  the  present  time  about  50  irrigating  canals  in  operation  in  Yakima  Vallej, 
which  obtain  their  water  from  the  sources  above  mentioned  and  irrigate  the  low  land 
lying  near  the  streams.  This  land  is  of  volcanic  origin  and  very  fertile.  Where  water  is 
applied  large  and  very  profitable  crops  of  fruit,  hay,  hops,  and  grain  are  raised. 

A  large  area  of  the  best  quality  of  land  in  Yakima  Valley  remains  unirrigated,  but  the 
available  water  supply,  especially  at  low  stages  of  the  streams,  is  practically  exhausted, 
so  that  the  irrigation  of  additional  land  is  dependent  on  the  feasibility  of  storing  water, 
to  be  used  during  about  two  and  one-half  months  of  the  irrigation  season. 

There  are  five  reservoir  sites  available  in  the  Yakima  region.  These  are  Lake  Clealum, 
Lake  Kachess,  and  Lake  Reechelus,  at  the  head  of  Yakima  River,  having  a  combined 
capacity  of  about  370,000  acre-feet;  Bumping  Lake,  at  the  head  of  Naches  River,  with  a 
storage  capacity  of  22,000  acre-feet,  and  McAlisters  Meadows,  on  Tieton  River,  with  t 
storage  capacity  of  35,000  acre-feet,  giving  a  total  of  about  427,000  acre-feet,  which  is 
enough  to  maintain  a  flow  of  2,300  second-feet  for  a  period  of  two  and  one-half  months, 
or  during  the  dry  portion  of  the  irrigation  season.  This  amount  of  water,  with  a  liberal 
allowance  for  loss  in  transmission,  could  easily  be  made  to  irrigate  150,000  acrps  of  land 
and  might  be  made  to  irrigate,  with  economical  use,  much  more  than  this  amount. 
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The  canals  at  present  in  operation  in  Yakima  Valley  are  mostly  in  the  hands  of  stock 
companies  and  with  hut  few  exceptions  furnish  the  farmers  under  them  water  enough  to 
supply  all  demands.  Most  farmers  have  taken  from  the  ditches  as  much  water  as  seemed 
most  conyenient  for  their  use;  this  in  many  instances  has  heen  far  in  excess  of  the  amount 
actually  needed  to  irrigate  their  land  economically  and  profitably.  The  results  of  thk 
excessiye  use  of  water  are  only  too  apparent  to  those  who  have  traveled  through  the  oldest 
irrigated  sections  of  Yakima  Valley.  Land  that  was  once  valuable  is  now  water-logged 
and  worthless,  alkali  being  everywhere  visible. 

The  following  table  gives  a  list  of  canals  on  which  observations  were  made  during  the 
irrigation  season  of  1905.  The  results  of  measurements  of  canals  and  ditches  in  Yakima 
VaUey  made  during  1904  are  contained  in  Water-Supply  Paper  No.  135,  United  States 
Geological  Survey. 

Canals  taking  waierfrom  Yakima  River. 


Canal. 


Location. 


Nearest  town. 


B€low   Clealum  River  and  above 
Nachea  River. 

Cascade Thorp . 

West  Kittitas do. 

Town !  EUensburg 

Olaen do 

Fogaity I do 

SeUhMoxee j  North  Yakima. 

TsTlor I do 


Head  works. 


Sec- 
tion. 


Below   Naehe$    River  and   above 
Atanum  Creek. 

Mozee. . .'. North  Yakima . 

Habbard do 

Fowter do 

Granger do 


Below  Atanum  Creek. 

New  Reservation  No.  2 Yakima. 

Old  Reservation  No.  1 do. 

Sannyside w do . 

Benton  WaterCo Kiona. 

Klona do . 

Kiona  Water  Supply  Co do . 

Kennewick !  Kennewick. 

Qrosscap's I  Kiona 


Town- 
ship. 


19  N, 
19  N. 
18  N. 
18  N. 


14  N. 


Range. 


17  E. 
17  E. 

17  E. 

18  E. 


19] 


13  N. 
13  N. 
13  N. 
13  N. 


12  N. 
12  N. 
12  N. 


19  E. 
19  E. 
19  E. 
19  E. 


19  E. 
19  E. 
19  E. 


Bank  of 
river. 


Left... 
Right.. 
Left... 
..do... 
Right. . 
Left... 
Right.. 


Left... 
..do... 
..do... 
..do... 


Length 

In 
miles. 


9N. 


26  E. 


ION. 
ION. 


27  E. 
27  E. 


I 


Right... 
..do.... 
Left.... 
..do.... 
..do.... 
..do.... 
Right... 
Left 


I 


42* 

14 

30 


27 
4J 


8 
7 
8i 


(«) 


12i 


39i 
5i 


a  Not  completed.    Proposed  length,  65  miles. 
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Canals  taJeing  water  from  Naches  River. 


Canal. 


Location. 


Nearest  town. 


Selah  VaUey I  North  Yakima. . 

I 

Below    Tieton    River  and    above  I 
Cowiche  Creek.  \ 

Wapatox I  North  Yakima. 

Cox do 

U  pper  Scott ' do 

Lower  Scott ' do 

Fortune ' do 

Laswcll do 

Yakima  Valley do 

Clark do 

Lowry do 

Kelly ' do 

Gleed ' do 

Morrisey ! do 

White  and  Leach do 

McCormick ' do 

Shearer-Chapman \ do 

Nelson do 

Naches-Cowiche i do 


Yakima... 

36 
6 

4 
9 
9 
14 
24 

1 

1 

24 



25 

Sec- 
tion. 


Head  works. 

Town- 
ship.    I 


Below  Cowiche  Creek. 


I 


Broadgauge I  North  Yakima . 

Power do 

Shanno- Fruit  vale | do 

Shanno , do 

Union do 

Town do 


35 


Range. 


15  N. 


15  N. 
UN. 
14  N. 
14  N. 
14  N. 
14  N. 
14  N. 
14  N. 
14  N. 
14  N. 
14  N. 
14  N. 


13  N. 


10  I  13  N. 

10  I  13  N. 

«>l 

11  I  13  N. 

11  I  13  N. 

12  I 


13  N. 


16  E. 

17  E. 
17  E. 
17  E. 
17  E. 
17  E. 
17  E. 
17  E. 
17  E. 
17  E. 
17  E. 
17  E. 


18  E. 


Bank  of 
river. 


Left... 


Left.... 

Right... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 

Left.... 
...do.... 
...do.... 
...do.... 
...do.... 

...do 

...do.... 
...do.... 
...do.... 

Right... 


L«««tb 


I 


18  E.  I  Right... 
18  E.     do.... 

L.do^..!. 

18E.  L..do.... 
18  E.  :...do.... 
18  E,  L..do 


0A8GADE  CAKAL  ITEAB  THORP,  WASH. 

This  is  tho  first  canal  taking  water  from  Yakima  River.  It  heads  in  the  river  on  it^ 
left  bank  in  sec.  33,  T.  19  N.,  R.  17  E.,  about  5i  miles  above  Thorp. 

The  gage  is  at  the  headgates.  Measurements  are  made  in  a  flume  one-half  mile  he\ow 
the  gage. 

Discharge  measurements  of  Cascade  canal  near  Thorp f  Wash.,  in  1905. 


Date. 


Hydrographer. 


June  6 W.  C.  Muidrow. 

July  14 do 

August  29 do 

October  6 ' do 


An?aof 
section. 

Mean 
velocity. 

hel^t. 

ciuig?-. 

Square 
feet. 

Feet  per 
second. 

Feet. 

Seantd- 
fert. 

19.2 

4.19 

3.0 

g).<' 

16.0 

3.81 

2.65 

61.0 

15.6 

3.n 

2.65 

».o 

8.0 

2.61 

1.6 

.., 
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Daily  gage  height,  infeetf  of  Cascade  carud  near  Thorpy  Wash.^for  1905. 


Day.  I  Junc.I  July.'  Aug.  Sept.,  Day. 


1 2.65 

2 2.65 

3 '  2.65 

4 ' 2.6 

5 2.5 

6 2.5 

7 3.0  I  2.45 

8 3.0  '  2.4 

9 3.0  2.3 

10 \   3.0  2.3 

11 i  3.0  2.3 


2.5 

2.6    i 

2.6 

2.6 

2.7 

2.6 

2.6 

2.6 

2.65 

2.6 

2.5 

2.6 

2.5 

2.6 

2.45 

2.6 

2.6 

2.6 

2.65 

2.6 

2.0 

2.6 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 


June.  July. 


2.9 
2.9 
2.9 
2.8 
2.8 
2.7 
2.7 


2.3 

2.2 

2.15 

2.1 

2.1 

2.1 

2.1 


2.7     2.6 


2.7 
2.7 


2.6 
2.6 


Aug. 

2.6 

2.6 

2.6 

2.55 

2.5 

2.6 

2.6 

2.7 

2.7 

2.7 


Sept. 


2.6 

2.6 

2.6 

2.6 

2.6 

2.65 

2.5 

2.5 

2.6 

2.6 


Day. 

June. 

22 

2.7 

23 

2.7 

24 

2.7 

25 

2.7 

26 

2.7 

27 

2.7 

28 

2.7 

1  29 

2.7 

30 

2.7 

31 

July. 

Aug. 

2.6 

2.6 

2.6 

2.7 

2.6 

2.7 

2.65 

2.7 

2.65 

2.6 

2.6 

2.6 

2.6 

2.7 

2.6 

2.65 

2.6 

2.6 

2.5 

2.6 

Sept. 

2.55 

2.6 

2.6 

2.65 

2.65 

2.7 

2.7 

2.8 

2.9 


WIST  KITTITAS  OAVAL  KEAS  THORP,  WASH. 

Tbb  canal  heads  in  Yakima  River  on  its  right  bank  in  sec.  33,  T.  19  N.,  R.  17  E.,  about 
3  miles  northwest  of  Thorp. 

The  gage  is  attached  to  a  bridge  1}  miles  below  the  head  works.  Measurements  are 
made  from  the  bridge. 

Discharge  measurements  of  West  Kittitas  canal  near  Thorp,  Wash.,  in  1905. 


Date.         1                         Hydrographer. 

1 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

June  30 W.  C.  Muldrow 

12.0 
27.8 
33.5 

Feet  per 
second. 

1.17 

1.80 

2.27 

Feet 
1.10 
2.15 
2.55 

Second- 
feet. 

14.0 

Julyia ' do 

50.5 

August  29 ' do 

73.7 

Daily 

gage 

height,  in  feet,  of  West  Kittitas  canal 

near  ! 

rhorp,  Wash., 

for  1905. 

Day. 

July. 

Aug. 

Sept. 

Day. 

July. 

Aug. 

Sept. 

Day. 

July. '  Aug. 

Sept. 

1 

1.1 
1.1 
1.4 
1.9 
1.9 
1.9 
2.0 
1.9 
1.8 
2.0 
2.0 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 
2.6 
2.5 
2.5 
2.5 

2.6 
2.6 
2.6 
2.5 
2.5 
2.5 
2.6 
2.6 
2.6 
2.6 
2.6 

12 

2.1 
2.1 
2.2 
2.2 
2.4 
2.3 
2.3 
2.3 
2.3 
2.4 

2.5 
2.5 
2.5 
2.5 
2.6 
2.5 
2.6 

2.1 
2.2 

2.5 

2.6 

2.6 

2.6 

2.5 

1.8 

.4 

.4 

.4 

.3 

22 

23 

1  24 

1  ^^ 

2.4 
2.4 

2.5 
2  fi 

0.3 

2 

13 

.3 

3 

14 

2.4  1    2.6 
2.  4  1    2. 6 
2.  4       2. 5 

2.2 

4. 

15 

5 

16 

26 

6 

17 

1  «. 
27 

2.4 
2.5 
2.5 
2.5 
2.6 

2.5 
2.5 
2.5 
2.5 
2.5 

18 

1  28 

.7 

8 

19 

1  29 

.7 

9 

20 

I30 

10 

21 

31 

11 

TOWK  OAKAL  ITEAB  ELLEHSBUBO,  WASH. 

This  canal  heads  in  the  left  bank  of  Yakima  River  about  9  miles  northwest  of  Ellens- 
buig,  in  sec.  7,  T.  18  N.,  R.  18  E. 

Hie  gage  is  about  one-fourth  mile  below  the  head-gates  of  the  canal,  and  is  attached  to 
A  cattle  bridge,  from  which  measurements  are  made. 
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Discharge  measurements  of  Town  canal  near  EUentimrg^  Wash.^  in  1905. 


Dftte. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

Gaxe          Dis- 
hei^t.      chaise. 

July  13. 

August  30 

W.  C.  Muldrow 

Square 

62 
57 
42 

Feet  per 
tecond. 

2.13 

2.15 

2.07 

Seamd- 
Feet.     \     feet. 

3.58              IS 

do 

3.70 
2.90 

122 

October  6 

do.     ... 

» 

DaUy  gage  htightj  in  feet,  of  Town  canal  near  EUeruburg,  Wash.,  for  1905. 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

1    Day. 

1 

July. 

Aug.  Sept.   Oct. 

1 

3.7 

3.65 

3.7 

a7 

3.65 

3.65 

3.6 

3.6 

3.6 

3.6 

3.5 

a85 

3.35 

3.85 

a  75 

3.75 

3.75 

3.85 

3.8 

3.8 

3.7 

3.65 

3.4 

3.4 

3.35 

3.4 

3.1 

2.15 

2,15 

2.2 

2.2 

2.2 

2.25 

12 

13 

20 

21 

3.65 

3.6 

3.6 

3.65 

3.75 

3.75 

3.85 

3.85 

3.9 

3.9 

3.5 

Z.6 

3.6 

3.65 

3.8 

a85 

3.9 

3.9 

3.9 

3.9 

a65 

3.65 

a65 

3.6 

a55 

3.5 

3.5 

3.5 

3.5 

3.5 

2.25 
2.25 

1 

22 

,23 

i  24 

25 

'  26 

27 

'  28 

'29 

I  30 

31 

a9 

3.9 

3.9 

3.85 

3.85 

3.85 

3.8 

3.75 

3.75 

3.7 

3.85^3.5     

2 

3.85 

3.85 

3.85 

3.85 

3.9 

3.9 

3.85 

3.85 

385 

16     

3 

3.6    1 

4 

36    1        „ 

5 

16    1 

6 

7 

8 

9 

10 

a  76 

3.75 

3.8 

3.8 

3.76 

3.65 

16     

175! 

14    1 

14    ' 

.1 

11 

0L8EK  GAKAL  KEAB  ELLSK8BUB0,  WASH. 

This  canal  heads  in  the  left  bank  of  Yakima  River  just  below  the  Town  canal. 
The  gage  is  attached  to  a  wagon  bridge  near  Charles  Kull's  house.     Measurements  are 
made  from  a  foot  log  a  short  distance  above  the  gage. 

Discharge  measuremenis  ofOlsen  canal  near  EUensbwrg,  Wa^.,  in  1905. 


Date. 


Hydrographer. 


July  13.... 
August  30.. 

September  21 . .] do 

October  6 ' do 


W.  C.  Muldrow. 
....do 


Area  of 
section. 


Square 
feet. 

12.0 

14.7 

14.1 

18.6 


Mean 
velocity. 


Feet  per 
second. 

1.47 

1.56 

1.43 

.50 


Oa«e 
height. 


Di9- 
chaige. 


Feet. 
1.95 
2.20 
2.15 
2.00 


Setomd- 
feet 
liO 
210 

aoii 

9.3 


Daily  gage  TieigJU,  in  feet,  ofOlsen  canal  near  EUensburg,  Wash.,  for  1905. 


Day. 

1 
Sept.  Oct. 

Day. 

Sept. 

1.95 

1.9 

1.95 

2.3 

2.3 

2.3 

2.2,5 

2.25 

Oct. 

Day. 

1 
Sept.l  Oct. 

1 

1       Day. 

Sept.  Oct. 

1 

'  2.05 

1    9 

2.3 

2.3 

2.4  ' 

1 

1 

..... 

17 

2.3 

2.3 

2.25 

2.2 

2.2 

2.2 

2.2 

1  24 

2.2    , 

2 

1  1.95 

10 

18 

Ijs 

2,2    1 

3 

1  1.95 

1  11 

19 

I» 

2.2     

4 

1.9    '  1.95 
1.9       1.95 
1.9       2.0 

1  12 

20 

27 

77   '     ,.. 

5 :. 

Il3 

21 

28 

I» 

I» 

2.2    1 

6 

>  14 

22 

2.2    1 

L9^r^     2.0 
1,»5  1  2.3 

15 

23 

2.05. 

g 

1" 

1 
1 
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8BLAH-K0ZEB  GAJTAL  ITEAB  KORTH  TASIKA,  WASH. 

This  canal  heads  in  the  left  bank  of  Yakima  River  just  below  Yakima  Canyon,  in  sec.  8, 
T.  14  N.,  R.  19  E.    It  is  the  next  important  canal  below  the  Olsen  canal. 

Hie  gage  is  at  a  footbridge  near  Selah  siding,  1)  miles  below  the  head-gates.  Measure- 
ments are  made  from  the  footbridge. 

DUtharge  measurements  of  SeJah-Moxee  canal  near  North  Yakima,  Wash.,  in  1906, 


Date. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

Gace 
height. 

Dis- 
charge. 

JulySu 

W.  C.  Muldrow 

Square 

a  10 
41.6 

Feet  per 
second. 

.  1.74 

1.64 

1.50 

Feet. 
2.3 

Second- 
feet. 
fu  n 

August  11 

do 

2.77  1           6a  0 

September  9 . . . 

do 

40.6 

2.70  1           60.7 

September  30 . . 



....do 

2.75             61  8 

October  12 

do 

20.0 

1.00 

1.65  1           2n.n 

DaUy  gage  height,  in  feet,  of  Selah-Moxee  canal  near  North  Yakima,  Wash.,  for  1905. 


Day. 

July. 

Aug. 

Sept. 

1         D.y. 

July. 

Aug. 

8ept.|         Day. 

July. 

Aug. 

Sept. 

1 

3.0 
2.9 
3.0 
3.0 
2.9 
2.9 
2.9 
2.8 
2.8 
2.9 
2.8 

2.8 
2.9 
2.8 
2.8 
2.8 
2.8 

12 

2.8 
2.8 
2.7 
2.8 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 

2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
3.0 
2.9 
3.0 

2.8, 
2.7 

22 

2.8 
2.8 
2.8 
2.8 
2.9 
2.9 
2.9 
3.0 
3.0 
3.0 

2.9 
2.9 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
2.8 
2.8 

2.4 

2 

13 

M 

2.3 

3 

14 

2.6      24.-- 

2.2 

1 

15 

2.4 
2.4' 

25 

26 

2.2 

5. 

2.3 
2.3 
2.4 
2.5 
2.6 
2.8 
2.8 

16 

2.3 

6 

17 

2. 4  1    27 - 

2.3 

7 

2.8 

18 

2.4 

?4! 

28 

29 

2.3 

81 

2.8 
2.7 
2.7 
2.7 

19 

2.3 

9. 

20 

2.4 
2.4 

1 
1 

30 

2.4 

10 

21  

31 

11 

TAYLOR  OAVAL  ITEAB  KORTH  YASIKA,  WASH. 

This  canal  heads  in  the  right  bank  of  Yakima  River  about  4  miles  above  the  mouth  of 
Naches  River. 

The  gage  is  about  100  feet  above  the  dividing  gates.  Measurements  are  made  from  a 
foot  plank  50  feet  below  the  gage. 

Discharge  measurements  of  Taylor  canal  near  North  Yakima,  Wash.,  in  1905. 


Date. 


Hydrographer. 


Julys...... 

August  18 1 do 

September  9...  I do, 

October  12 i do 


W.C.  Muldrow. 


Area  of 
section. 

Mean 
velocity. 

Square 
feet. 

Feet  per 
second. 

12.0 

1.25 

12.0 

1.23 

lae 

1.38 

5.0 

.36 

1 

Gage     !      Dis- 
height.  ,  charge. 


Feet. 


Second- 
feet. 

[  15.0 

0.95  '  14.6 

1. 10  I  18.  7 

.30  .  1.8 

I 
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Daily  gage  heightf  in  feet  f  of  Taylor  canal  near  North  Yakimaf  Wath.^for  1905. 


Day. 

Aug. 

Sept. 

Oct. 

Day. 

Aug. 

Sept. 

Oct. 

Day. 

Aug. 

Sept. 

Oct. 

1 

1.05 
1.05 
1.06 
1.05 
1.05 
1.0 

0.55 
.55 
.65 
.5 
.6 
.6 
.6 
.45 
.3 
.3 
.3 

12 

1.1 

1.16 

1.16 

1.1 

1.1 

1.1 

1.15 

1.15 

1.15 

1.1 

as 

.25 
.3 

22 

1.0 

1.0 

1.1 

LCK 

1.05 

1.05 

1.05 

1.1 

1.1 

1.05 

1.1     

2 

13 

23 

1.1     

3 

14 

24 

.65  

4 

16 

25 

.65  ; 

5 

16 

26 

.6    ! 

6. 

17 

27 

.6     

7 

1.05 

1.1 

17 

18 

0.95 
.95 
.9 

1.0 

1  28 

.6    1 

8 

19 

29 

.55  ' 

9 

20 

30 

.55   

10 

1.15 
1.1 

21 

31 

11 

1 

1 

KOXEB  OAKAL  HEAR  KOSTE  TAKIKA,  WASH. 

This  canal  heads  in  the  left  bank  of  Yakima  River  near  the  line  between  sees.  7  and  18, 
T.  13  N.,  R.  19  E.,  opposite  the  town  of  North  Yakima. 

The  gage  is  one-half  mile  below  the  head-gates  on  the  Moxee  hop  ranch,  about  300  feet 
above  the  foot  plank  from  which  measurements  are  made. 

Discharge  measurements  of  Moxee  canal  near  North  Yakima^  Wa^.^  in  1905. 


Date. 


Hydrographer. 


Area  of 
section. 


Mean 
velocity. , 


Dia- 
t.     chai^. 


Julye 

August  21 

August  21 

September  26 . 
October  13 


W.  C.  Muldrow. 

do 

do 

do 

do 


..., 


Square 
feet. 

7.1 

17.0 

13.4 

9.3 

6.3 


Feet  per 
tecond.  I 


1.07 
.99 

1.00 
.81 
.45 


Feet.    I 

a60 

1.05  I 

1.05  I 

.80 

.1«| 


Seantd- 
feet. 

7.6 

16l8 

13L4 

7.6 

2.3 


Daily  gage  height  ^  in  feet,  of  Moxee  canal  near  North  Takimxif  Wash. ,  for  1905. 


Day. 

July. 

Aug.    Sept. 

Oct.; 

Day. 

Jiiy. 

Aug. 

Sept. 

Oct. 

i~,. 

July. 

1.0.. 

1.25 

1.25 

1.15 

1.15 

1.4 

1.4 

1.35 

1.25 

1.25 

Aug.  i  Sept. 

Oct 

1 

1. 25  1  1. 1 
1.15  1  1.0 
1.15  1  1.0 
1.15  1  1.0 
.85  ^  1.15 
.  65     1. 15 
.5       1.15 
.5    '1.15 
.5    1  1.0 
1.0    ;  1.0 

1.0        .9 

j 

0.75 
.75 
.75 
.75' 

.75  1 
.75 
.15' 
.15 
.15 
.15 
.15' 
1            , 

12 

13 

14 

15 

16 

17 

18  .... 

19  .... 

20 

21 

1.1 

1.15 

1.15 

1.15 

1.1 

1.1 

1.1 

1.0 

1.0 

1.0 

1.0 
1.0 

.9 
1.0 

.9. 

.9 

.9 
1.1 
1.1 
1.0 

.9 
1.0 
.9 
.75 
.75 
.75 
.65 
.65 

.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 

22 

23 

24 

25 

26 

|27 

|28 

1  29 

30 

31 

1 

1.15  ,  a65   

2 

1.15  1    .65   

3  . 

1  35  ]      65  '  

4 

1.25        65  i 

5 

UM  1     -^  i" 
1.15  1      fiS   

6 

7 

8 

9 

10 

0.5 
.5 
.85 
.85 

1.15 
.4 

1.15 
1.25 
L35 
1.35 
1.15 

.65 

.75 
.75 

11 
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HUBBABB  OAHAL  HEAR  HORTH  YAXDEA,  WASH. 

.  This  canal  heads  in  the  left  bank  of  Yakima  River  near  the  line  between  sees.  7  and  18, 
T.  13  N.,  R.  19  E.,  opposite  the  town  of  North  Yakima. 

The  gage  is  about  one-half  mile  below  the  head-gates,  at  a  small  flume  near  the  hop  house 
on  the  Moxee  hop  ranch.  Measurements  are  made  from  a  wagon  bridge  300  feet  below  the 
g*ge. 

The  Hubbard  and  Moxee  canals  have  a  common  head-gate. 

Distharge  measuremenU  of  Hubbard  canal  near  North  Yakima,  Wash.,  in  1905, 


Date. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

hel^. 

Dis- 
chaige. 

July6 

W.  C.  Mnldrnw 

Sortare 
20.0 

lai 

Feet  per 
second. 

a72 

1.61 

Feet. 
1.33 
1.50 
1.20 
.92 

Sewnd- 
feet. 

14.3 

Aagust  21 1 do - 

21.1 

September  26.. 
October  13 

...  do  

9.8           1.02 
8.6             .60 

10.2 

do 

5.1 

DaUy  qage  height,  in  feet,  of  Hubbard  canal  near  North  Yakimaf  Wash.,  for  1905. 


Day. 

July,  j  Aug. 

Sept. 

1.5 
1.5 
1.5 
1.5 

Oct. 
1.4 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

July. 

1.35 
1.4.. 
1.5 
1.6 

Aug. 

LS 
1.35 
1.4 
1.4 

Sept.  Oct. 

1 

1 

....     1.75 

12 

1.75 
1.75 
1.75 
1.75 

1.15 
1.15 
1.15 
1.35 

1.4 

1.0 
1.0 
1.0 
1.0 

1  22 

1^ 

'' 

25 

1.4     

2 

'  1.75 

1.4  !,  13 

1.4      14 

1.5"  15 

1.4     

3 

1.65 

1.25    

4 

]  1.65 

1.25    

5 

1.65 

1.5 

1.5  1,  16 

1.65 

1.35 

1.4 

1.0 

[26 

1.6 

1.35 

1.25    

6 

1.35  1  1.65 

1.4 

1.5 

17 

1.65 

1.25 

1.0 

27 

1.85 

1.25 

1.25  i 

7 

1.35     1.65 

1.5 

1.0 

,  18.... 

1.5 

1.25 

1.0 

!28 

1.75 

1.35 

1.25  1 

8 

1.5       1.5 

1.5 

1.0 

19 

1.5 

1.4 

1.0 

I29 

1.75 

1.4 

1.25    

9 

1.5    1  1.5 

1.4 

1.0 

!» 

1.35 

1.4 

1.35 

1.0 

1  30 

1.75 

1.6 

1.4     

10 

1.9    j  1.4    1     1-4 

1.0 
1.0 

21 

1 

1  1.35 

1.6 

1.35 

1.0 

31 

1 

1 

1.75 

1.4 

1 

11 

L85  J  1.35 

1.4 

! 

1 

FOWLER  OAHAL  KSAK  HORTH  YAKIKA,  WASH. 

This  canal  heads  in  Yakima  River,  in  sec.  18,  T.  13  N.,  R.  19  E. 

The  gage  is  in  a  flume  one-half  mile  below  the  head-gates,  on  the  Moxie  hop  ranch^ 
opposite  the  town  of  North  Yakima.    Measurements  are  made  at  the  gage. 

Discharge  measurements  of  Fowler  canal  near  North  Yakima,  Wash.,  in  1905. 


Dis- 
charge. 


Second- 
feet. 

19.6 

23.9 

13.4 
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Daily  gage  heighi,  in  feet,  ofFowUr  canal  near  North  YaJdma,  Wash.,  far  1906. 


Day. 

July. 

- 

Sept.    Oct. 

Day. 
12 

July. 

Aug. 

Sept. 

Oct.  \    Day. 

'July. 

Aug. 

Sept.  Oct. 

r..... 

1 

0.9 

0.85      0.6 

.85 

.85 

.65 

II 
,   22 

1    .9 

.9 

'  .5  : 

2 ' 

.9 
.9 

.85        .6 
.85  1       .6 

13 

14 

.85 
.9 

.85 
.85 

.65 
.85 

23.... 

;   24 

,     .85 
1    .9 

-9 
.9 

1     .5       

3 

.65   

4 ! 

.85 
.85 

.85  ; 

.85  1 

15 

16 

.9 
.9 

.85 
.85 

.65 
.5 

1' 

i;  25.... 

li  26 

;  .9 

.9 
.9 

.6 

5 ! 

.6     

6 

!  0.75 

.85 

.75  1 1 

17 

.9 

.85 

.6 

27 

1    .9 

.83 

.6    ' 

7 

1    -75 

.85 

.65  1 { 

18 

.9 

.85 

.5 

28 

1    -9 

.85 

.6     

8 

;  .75 

.85 

.65    ' 

19 

.9 

.9 

.5 

!    29 

i     .9 

.85 

.6     

9 

'     .65 

.85 

.65    

20 

.9 

.9 

.5    ' 

30 

'     .9 

.85 

.6    ' 

10 

.85 

.85 

.05  1 ■ 

21 

.9 

.9 

.5    1 

31 

i     .9 

.85 

11 

.9 

.85 

.65  1 1 

1 

[i 

' 

1 

KSW  RESXRVATIOH  OAHAL  IK  YAXDEA  IKDIAH  RBSBEVATIOH,  WASH. 

This  is  the  first  canal  taking  water  from  Yakima  River  below  Atanum  Creek.  It  wes 
built  by  the  Government  to  irrigate  lands  in  the  Yakima  Indian  Reservation.  It  beads  in 
the  right  bank  in  sec.  17,  T.  12  N.,  R.  19  E. 

The  gage  is  at  the  first  wagon  bridge  below  the  headworks.  Measurements  are  made 
from  the  bridge. 

Discharge  measurements  of  New  Reservation  canal  in  Yakima  Indian  Reservation,  TFoife.,  t» 

1905. 


Date. 

Hydrographer. 

Area  of 
section. 

Mean    ^ 
velocity.  \ 

June  16 

W.  C.  MMldrow 

Square 

60 
112 

Feet  per 
second. 

1.80 

August  22 

do 

1.25' 

September  20 . . 

do 

September  27 . 

.  ..do,,     . 

79 
50 

69 

October  24 

do 

82  ' 

1 

Gage 
height. 


Feet. 
1.50 
2.58 
1.97 
L83 
1.04 


Dis- 
charge. 

Second- 
feet. 

IID 
62 
55 
41 


Daily  gage  height,  infect,  of  New  Reservation  canal  in  Yakima  Indian  ResenxUion,  Wash.,f(f^ 

1906. 


Day. 


7 

8 

9 

10 

11 


June.  July. 


1.5 

1.6 

1.5 

1.6 

1.5 

1.65 

1.15 

1.75 

1.0 

1.75 

1.0 

1.9 

1.1 

2.0 

1.15 

2.25 

1.35 

2.05 

1.4 

2.1 

1.4 

2.15 

Aug. 

2.25 

2.3 

2.45 

2.6 

2.7 

2.7 

2.7 

2.65 

2.65 

2.65 


Isept. 

1     Day. 

1.6 

l|  12 

•  1.65 

;;  13 

'[  14 

;  15 

;  16 

;  17 

;  18 

19 

20 

121 

1 

June.  July,  j  Aug. ,  Sept.  w    Day.     June.'  July.  \  Aug  i  Sept. 


1.5 

1  1.5 
■  1.5 

;  1.5 

1.6 
1.6 
I  1.65 
I  1.65 
j  1.65 
I  1.65 


I 


2.15 

2.15 

2.2 

2.2 

2.25 

2.2 

2.15 

2.15 

2.1 

2.1 


2.55 

2.5 

2.5 

2.5 

2.55 

2.6 

2.65 

3.0 

2.(i5 

2.65 


_L 


.  (  22.. 
.M  23.., 

24.. 
;  25... 

26... 

;  27....  I 

I 
28 ! 

29 1 

;  30 ; 

31 


1.65 
1.65 
1.65 
1.35 
1.35 
L35 
"85 
1.35 
1.45 


2.1 

2.1 

2.15 

2.15 

2.15 

2.2 

2.25 

2.25 

2.25 

2.25 


1  2.6 
I  2.6 
I  2.6 
I  2.6 
,  2.0 
I  2.0 
I  1.75 
i  1.65 
I  1.6 
1.7 
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OLD  BBSEEVATIOH  OAITAL  IK  YAKDCA  DTDIAir  RESEBVATIOH,  WASH. 

This  canal  takes  wa^r  from  Yakima  River,  heading  in  its  right  bank,  in  sec.  28,  T.  12  N., 
R.  19  E.,  about  4  mDes  above  Wapato  station.  It  was  built  by  the  Grovemment  to  irrigate 
lands  in  the  Yakima  Indian  Reservation. 

The  gage  is  at  the  head-gate.  Measurements  are  made  from  the  railway  bridge  one- 
fourth  mile  below  the  gage. 

Discharge  measurements  of  Old  Reservation  canal  in  Yakima  Indian  ResenxUionf  Wash.,  in 

1906, 


Date. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

Gage 
hel^t. 

Di»- 
charge. 

June  16 

W.  C.  Muldrow 

Square 
feet. 

37.4 

26.4 

17.6 

Feet  per 
second. 

3.85 

3.07 

2.01 

Feet. 
2.67 
2.08 
1.40 

Second- 
feet. 

144 

Aogust  22 

do.. 

8L4 

October  24 

do 

35.4 

Daily  gage  height,  in  feel,  of  Old  Reservation  canal  in  Yakima  Indian  Resenxition,  Wash.,  for 

1906. 


Day. 

May. 

June. 

July. 

Aug. 

Day. 

May. 

June. 
2.6 

July. 

Aug. 

Day. 

May. 

June 

July. 

Aug. 

• 

1 

3.35 

3.4 

3.35 

3.1 

12 

3.35 

3.35 

2.65 

22 

3.36 

3.36 

3.26 

2.25 

2 

3.35 

3.5 

3.25 

3.1 

13 

3.25 

2.65 

3.25 

2.6    j 

23 

3.25 

3.35 

3.25 

2.25 

3 

3.35 

3.35 

3.35 

3.1 

14 

3.25 

2.65 

3.15 

2.6 

24 

3.35 

3.35 

3.16 

2.26 

4 

3.35 

2.65 

3.25 

3.1 

15 

3.25 

2.6 

3.15 

2.35  ' 

25 

3.36 

3.26 

3.15 

2.25 

5 

3.35 

2.65 

3.35 

3.0 

16 

3.25 

2.65 

3.15 

2.26  1 

26 

3.36 

3.35 

3.1 

2.15 

6 

3.4 

2.65 

3.35 

3.0 

17 

3.25 

3.1 

3.15 

2.25  1 

27 

3.26 

3.26 

3.0 

2.15 

7 

3.5 

2.65 

3.25 

3.0 

18 

3.35 

3.15 

3.15 

2.41 

28 

3.26 

3.35 

3.15 

2.15 

8 

3.6      2.6 

3.35 

3.0 

19 

3.35 

3.25 

3.15 

2.26 

29 

3.36 

3.35 

3.15 

2.15 

9 

3.6 

2.6 

3.5 

2.9 

20 

3.35 

3.25 

3.1 

2.25 

30 

3.4 

3.26 

3.2 

2.25 

10 

3.35 

2.65 

3.4 

2.85 

21 

3.35 

3.25 

3.0 

2.26 

31 

3.35 

3.1 

2.25 

11 

3.25 

2.6 

3.4 

2.76 

SUKHTSISE  OAHAL  KXAK  YAXDEA,  WASH. 

This  canal,  which  is  owned  and  operated  by  the  Washington  Irrigation  Company,  heads 
in  the  east  bank  of  Yakima  River,  5  miles  below  the  town  of  Yakima.  It  is  several  times 
larger  than  any  other  canal  in  the  Yakima  region,  the  maximum  flow  being  about  670 
second-feet. 

The  gage  is  in  a  concrete  gage  box  about  400  feet  below  the  head-gates.  Measurements 
are  made  from  a  footbridge  about  400  feet  below  the  gage. 

Discharge  measurements  ofSunnyside  canal  near  Yakima,  Wash.,  in  1906. 


Date. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

Gage 
hei^t. 

Dis- 
charge. 

Jane  15 

W.  C.  Muldrow 

Square 
feet. 

175 

210 

162 

128 

68.8 

Feet  per 
second. 

3.00 

3.09 

2.90 

2.35 

2.01 

Feet. 
4.35 
5.06 
4.00 
3.35 
2.00 

Second- 
feet. 
526 

July  25 

do 

649 

September  28. . 

do 

469 

October  25 

do 

301 

November  6.... 

do 

138 
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DaUy  gage  hei^y  in  feet  j  ofSunnyside  cajial  near  Yakima^  Wa^.,for  1905. 


Day. 

June. 

July. 

4.7 

4.7 
4.7 
4.7 
4.7 
4.8 
4.9 
4.9 
5.0 
5.0 
5.0 
5.0 
5.0 
5.1 
5.1 
5.1 

Aug. 

5.15 

5.15 

5.15 

5.15 

5.15 

5.15 

5^5 

5.15 

5.15 

5.15 

4.9 

49 

4.8 

4.75 

4.6 

4.6 

Sept. 

4.75 

4.75 

4.65 

4.65 

4.65 

4.55 

4.55 

4.55 

4.55 

4.55 

4.55 

4.55 

4.4 

4.4 

4.4 

4.15 

Oct. 

i         Day. 

June. 

4.2 
4.4 
4.5 
4.5 
4.5 
4.6 
4.6 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 

July. 



5.1 
5.1 
5.1 
5.1 
0.0 
5.1 

ao 

5.1 

5.1 

5.1 

5.15 

5.15 

5.15 

5.15 

5.15 

Aug- 



4.6 

4.6 

4.9 

5.1 

5.15 

5wO 

4.65 

4.6 

4.8 

4.8 

4.8 

4.8 

4.8 

4.75 

4.75 

Sept. 

()ct- 

1 

3.95 

3.95 

3.95 

3.8 

3.7 

3,7 

3.7 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

1  17 

;  18 

1  19 

4.05 
3.05 
X95 
3.95 

ass 

3.95 
3.95 
3.^ 

a»5 

3.95 
a95 
3.95 
3.95 
3.95 

X4 

2 

3.4 

3 

14 

4 

,20 

3.4 

5 

1  21 

3u5 

6 

;  22 

15 

7 

'  23 

la 

g 

j  24 

13 

9 

1  25 

13 

10     

j  26 

1.1 

11 ' 

I  27 

s» 

12 ! 

1  28 

13 

13              .        '  

'29 

13 

14     ' 

'30.... 

i> 

15 4.2 

31 

X3 

16 

4.2 

BBHTOH  WATER  OOKPAHTS  OAVAL  HSAK  XIOHA,  WASH. 

This  canal  takes  water  from  Yakima  River  near  Kiona.     It  is  a  new  canal,  completed 
late  in  the  irrigation  season  of  1905. 

Discharge  measurements  of  Benton  Water  Company's  canal  near  Kiona,  Wash.,  in  1905. 


Date. 


August  23. 
September  13 . 


Hydrographer. 


W.  C.  Muldrow. 
do 


I 


I 


Area  of      Mean 
section,    velocity. 

Si 


are 
Jeet. 

ao 

l&l 


Feet  per 
second. 

0.86 

1.23 


Oage     I      Pis- 
height.  I  chaige. 


Feet. 
0.30 
.60 


Second- 
feet. 
6.9 
19.8 


Daily  gage  height,  infect,  of  Benton  Water  Company's  canal  near  Kiona,  Wash.,  for  1905. 


Day. 

Aug. 

Sept. 

Oct. 

1.0 ; 

1.0  ! 

1.0  1 
1.0  1 

:3 

.3 

Day. 

Aug. 

Sept. 

0.55 
.55 
.6 
6 
.7 
.7 
.  7 
.8 
.8 
.8 

Oct. 

0.3 
.3 
.3 
.3 
.3 
.3 
.3 



• 

Day. 

Aug. 

Sept. 

Oct. 

1 

0.1 
.16 
.3 
.3 
.4 
.5 
.5 
.5 
.6 
.6 
.6 

12 

13 

22 

0.9 

1.0 
1.0 

2 : 

!  23 

0.3 
.3 
.2 
.2 
.2 
.2 
.1 
.1 
.1 

3 1 

14 

I  24 

4 

15 

25 

5 

16 

•  26 

« :::..:..i:i^^ 

17 

27 

7 

18 

;  28 

8.  .     . 

19 

I  29 

9 

20 

30 

10 ' 

21 

31 

11 
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XIOHA  OAVAL  HEAR  XIOHA,  WASH. 

This  canal  lieads  in  the  left  bank  of  Yakima  River  about  5  miles  west  of  Kiona,  in  sec. 
10,  T.  9  N.,  R.  26  E.  The  canal  is  controlled  by  the  Northern  Pacific  Irrigation  Company. 
On  account  of  the  shifting  of  the  channel  at  the  gaging  station  the  estimates  of  discharge  of 
this  canal  are  only  approximate. 

The  gage  is  about  400  feet  below  the  head-gates.  Measurements  are  made  from  a  foot 
plank  near  the  gage. 

Diicharge  measurements  ofKiona  cajud  near  Kioruif  Wash.,  in  1905. 


Date. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity 

Gage 
.    height. 

Dis- 
charge. 

JnfM*  12  .   . 

.   W.  C.  Muldi 
do 

row 

Square 

20.4 
19.0 
6.8 

Feet  per 
second. 

1.17 

1.26 

.60 

Feet. 
3.00 
3.00 
2-00 

Second- 
feet. 
23.9 

August  24. 

23.9 

At^uot  24... 

<j 

Tailyg 

lo 

3.4 

1 

age  heigM,  in 

feet,  ofKuma  canal  near  Kiona,  Wash.,  for  1906. 

Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 
•TO 

i          Day. 

June.  1  July.  ^  Aug. 

Sept. 

Oct. 

1 

3.25 

3.3 

3.3 

3.3 

3.3 

3.35 

a35 

3.25 

3.3 

3.4 

3.55 

3.5 

3.5 

3.5 

3.6 

3.5 

3.1 

17 

3.15      3.25 

3. 15  [    3. 15 
3. 25  1    .'?- 1 

3.45 

3.45 

3.4 

3.35 

3.35 

3.1 

3.1 

3.0 

3.0 

3.0 

3.1 

3.1 

3.1 

3.1 

3.1 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

ao 

3.0 
3.0 
3,0 

2 

3.1        3.0 
3.1        2.5 
3.1        2.5 
3.1        2.5 
3.1        2.5 
3.1,      2.5 
3.1         2.5 
3. 1         2. .«» 

18 

3 

1  ^^ 

4 

20 

3.25 
3.4 
3.4 
3.4 
3.6 

3.0 

3.0 

3,0 

3.0 

3.0 

3.0 

2.9 

2.9 

2.85 

2.9 

3.0 

3.15 

5 

21 

ft 

22 

7 

23 

g 

2.9 

2.9 

3.15 

3.25 

3.25 

3.35 

3.35 

3.25 

3.25 

24  . 

9 

'25.       . 

10 

3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 

2.5 
2.5 
2.5 
2.7 
2.5 
2.5 

1 

1  2« 

11 

i 

I  27 

12 

3.0 
3.1 
3.1 
3.1 
a  15 

28 

13 

29 

14 

30 

15 

31 

16. 

XIOHA  WATER  SUPPLY  C0KPAHT8  OAHAL  NEAR  KIOHA,  WASH. 

Hib  canal  heads  in  the  left  bank  of  Yakima  River  about  1  mile  above  Kiona.  It  is  owned 
by  a  stock  company  of  150  shares.  It  is  a  power  canal  used  to  turn  small  irrigating  wheels. 
Nearly  all  the  water  taken  in  at  the  head  is  returned  to  the  river. 

The  gage  is  200  feet  below  the  footbridge  from  which  measurements  are  made,  near  the 
dwelling  of  A.  A.  McAlpin. 

Discharge  measurements  of  Kiona  Water  Supjdy  Company's  canal  near  Kiona,  Wash.,  in 

1905. 


Date. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

Gape     1      Dis- 
height.  1  charge. 

September  14.. 
October  18..... 

W.  C.  Muldrow. 

do 

Square 
}eet. 

7.8 

9.3 

Feet  per 
second. 

0.96 

1.07 

Second- 
Feet,          feet. 

1.50  ,             7.5 

1.90             10.0 
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Daily  gage  heighif  in  feet j  of  Kiona  Water  Supply  Company^ 8  canal  near  Kiona,  Watk.,for 

1905. 


Day. 

1 

|Aug.    Sept. 

Oct. 

^  ^~  1 

1.8 

1.8 

1.9 

2.0, 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Day. 

Aug. 

Sept. 

Oct. 

2.0 

2.0 

2.0 



! 

1 

1 

1 

Day. 
22 

Aug. 

Sept. 

Oct- 

1 

1.2 

.j 1     1.2 

..' '     1.1 

1     1.1 

1     1.1 

1     1-2 

1     1.2 

!     1.3 

..; !  1.3 

. : 1  1.3 

..' 1     1.3 

! 

12 

1.3 
1.3 
1.5 
1.6 

!;; 

1  7 

1.8 
1.8 
1.8 
L8 
1.8 

;•: 

2 

13 

23 

3 

14  .   .   . 

24 

4 

15 1 

1  25 

5 

1 
16 

26 

6 

1  17 ' 

27 

a7 

.9 
1.0 

7 

18      ....     1  ...   . 

28 

8. 

I  19 1 

1.7 
1.7 
1.7 

29 

30 

1.8   

9 

20 

1.8   

10 



21 

31 

11 

KEHHJSWXOK  OAHAL  HEAR  KEHHEWiCK,  WA8E. 

This  canal  is  owned  and  operated  by  the  Northern  Pacific  Irrigation  Company.  Next 
to  the  Sunnyside  it  is  the  largest  irrigation  canal  in  Yakima  Valley.  It  takes  water  from 
Yakima  River  on  its  right  bank  just  above  Horn  Rapids,  about  11  miles  north  of  Kiona, 
in  sec.  3,  T.  10  N.,  R.  27  E. 

The  gage  is  at  a  bridge  IJ  miles  below  the  head-gates.  Measurements  are  made  from 
the  bridge. 

Discharge  measurements  of  Kenneunck  canal  near  Kennewickj  Wash.^  in  1905. 


Date. 

1 

1 
1 
1 
1 
.1  W.  C.  Muld 

.1 do 

Hydrographer, 
row. . 

Area  of  | 
section.  1  ^ 

Mean 
(Telocity. 

Feet  per 
second. 

1.5 

2.14 

2.10 

hei^t. 

Dis- 
charge, 

Juno  10 

Square  ' 
}eet.     1 

68  1 

76  1 

83' 

Feet. 
2.83 
3.42 
a  47 

Second- 
feet. 

102 

August  23 

September  14. 

182 

do 

174 

DaUy 

gage  height y  in  feet, 

ofKe 

Sept. 

3.25 

3.15 

3.25 

3.35 

3.35 

3.4 

3.4 

3.35 

3.25 

3.5 

3.35 

3.4 

3.4 

3.4 

3.4 

3.5 

nnewick  canal  na 

or  Kenneunck,  Wa 

ish.,for  1, 

m. 

Day. 

June.    July. 

Aug. 

Oct. 

3.25  1 

3.25 

3.25  i 

3.15 

3.25  1 

3.25 

3.15 

3.0 

3.0 

3.0 

2.95 

2.75 

3.1 

3.1 

3.1 

3.1 

Day. 

June. 

July. 

Aug.  1  Sept. !  Oct. 

1           ' 

1 

;    3.35 

1    3.35 

3.35 

3.4 

3.4 

\    3.4 

3.5 
3.5 

2.5 

2.5 

2.75 

2.0 

2.0 

2.0 

2.4 

2.6 

3.15 

3.1 

3.0 

2.9 

17 

3.35 

3.4 

,.75 

1.75 

2.9 

3.35 

3.4 

3.4 

3.4 

3.35 

3.35 

3.35 

3.4        2.9    1    3.5        3.1 

2 

18 ;.... 

3.4        3.0    1    3.5    ,     11 

3 

19 

3.  4         3. 15  1    3. 4         3. 1 

4 

20 

3.  4         3. 15  1    3. 35  ,     11 

5 

21 

3.5         3.25  j    3.35  ,     1.0 

6 

22      . 

3. 5        3. 35       3. 35  1     2. 15 

7 

3.4 

'    3.8 

23 

3.5         3.4         3.35  1     2.85 

8 

24 

3.5        3.35  1    3.35  ^     2.83 

9 

.         3.4 

25 

3.5         3.25  1    3.35       2.85 

10 

2.85  '     3.4 

2.  8.'-,       3.  4 
2. 8.5       3.  4 
2. 85  1    3.  4 
3. 25  1    3.  4 

3.  25  1    3.  4 

3.35  1    3.4 

1 

26 

3.5    1    3.25  1    3.35  ,     2.85 

11 

27 

3.5        S.25  1    3.35  1     2.85 

12 

28 

3.5         3.15  !    3-25  ,     2.85 

13 

14 

15 

29 

30 

31 

3.35 
3.35 

3.5    1 

3.5 

3,6 

3.35 
3.35 
3.25 

3.35^     2.85 

3.25  1     1.15 

1.15 

lo 1 

1 

1 
1 
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GBOBSOUP  OAHAL  VSAE  XIOVA,  WASH. 

Tius  canal  heads  in  Yakima  Riyer  on  its  left  bank  at  Horn  Rapids,  directly  opposite  the 
intake  of  the  Kennewick  canal.    The  same  diversion  weir  is  used  for  both  canals. 

The  gage  is  1  mile  below  the  head-gates,  at  a  highway  bridge,  from  which  measurements 
are  made. 


Discharge  measuremerUs  ofOroMcup  canal  near  Kiona,  Waah.f  in  1906. 


Date. 

Hydrographer. 

Area  of 
Beotion. 

Mean 
velocity. 

Oase 
height. 

Dis- 
chaige. 

JmielS 

W.  C.  Muldrow 

Square 

2.9 
3.3 
3.4 

Feet  per 
iecond. 

1.&5 

1.66 

1.94 

Feet. 
0.50 
.60 
.70 

Second- 
feeU 

4.5 

Aagn8t23 

S^temberlS.. 

do 

5.5 

do 

6.6 

DaUy  gage  heightf  infect,  ofOrosscup  canal  near  Kiona,  Wash., for  1906. 


Day.    June. 

July. 

Aug. 

Sept. 

Day. 

June. 

July. 

Aug. 

Sept. 

Day. 

June. 

July. 

Aug. 

Sept. 

1 

0.6 

1.0 

1.0 

1.0 

1.0 

1.0 

0.0 

0.0 

.8 

.8 

.8 

.8 

0.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

0.6 
.6 

.7 
.7 
.7 
.6 
.6 
.7 
.7 
.7 

• 

.8 
.8 
.9 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

.8 
.8 
.7 
.8 
.8 
.8 
.8 
.8 
.8 
1    .8 

.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 

22 

23 

24 

25 

26 

27 

28..... 

29 

30 

31 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 

.8 

2 

.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 

.8 

3 

4 

.8 
.8 

5 

.8 

6 

7 

.8 
.8 

8 

.8 

9 

.8 

10 

11 

.7 

BELAH  VALLEY  OAVAL  NEAE  VOETH  YAXXKA,  WASH. 

The  only  important  canal  taking  water  from  Naches  River  above  the  mouth  of  Tieton 
Rirer  is  the  Solah  Valley  canal.  There  are  a  few  canals  above  the  Selah  Valley,  but  they 
are  small  private  ditches  and  their  combined  flow  would  probably  not  exceed  15  second-feet. 

The  Selah  Valley  canal  heads  in  Naches  River  on  its  left  bank  about  1  mile  above  the 
mouth  of  the  Tieton,  in  sec.  35,  T.  15  N.,  R.  16  E.  With  the  exception  of  the  Power  canal 
it  is  the  lai^gest  canal  taking  water  from  the  Naches. 

The  gage  is  in  a  flume  1  mile  below  the  head-gates.    Measurements  are  made  at  the  gage. 

Discharge  measurements  of  Selah  Valley  canal  near  North  Yakima,  Wash.,  in  1906. 


Date. 


Hydrographer. 


Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Sovare 

Feet  per 
second. 

Feet. 

23.8 

2.80 

2.50 

26.0 

3.23 

2.80 

24.6 

3.37 

2.65 

12.3 

1.71 

1.20 

13.5 

1.89 

1.40 

Dis- 
charge. 


Jane  21 

July  18 

Augusts 

Septembers. 
October  10... 


W. 


J.  Llghtfoot. 

.do 

.do 

.do 

.do 


Second- 
feet. 

66.5 

84.1 

83.0 

21.0 

25.6 
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DaUy  gage  height,  in  feet,  ofSelah  Valley  canal  near  Nm 

ikYal 
June. 

cima.  Wash., 

for  1905. 

Day. 

June.  1  July. 

Aug. 

Sept. 

Oct. 

Day. 

July. 

Aug. 

Sept    Oct. 

1 

....'..}    2.4 

2.75 

2.75 

2.76 

2.65 

2.65 

2.65 

2.65 

2.6 

2.6 

2.6 

2.6 

2.6 

2.7 

2.7 

2.75 

2.75 

2.7 

1.15 

1.15 

2.0 

2.6 

2.6 

2.55 

2.45 

2.45 

2.5 

2.45 

2.45 

2.4 

2.1 
2.0 

1  17..  . 

2.7 

2.75 

2.75 

2.75 

2.76 

2.76 

2.4 

2.4 

2.6 

2.65 

2.75 

2.75 

2.75 

2.75 

2.75 

ao 
ao 
ao 
1.6 
1.5 
2.6 
2.75 
2.4 

.« 

2.75 
2.75 
.2.75 
2.75 
2.75 
2.75 

2,35       LS 

2 

....  .J    2.4 

1  *' 

18 

2.6 

2.6 

2.6 

2.6 

2.65 

2.66 

2.66 

2.56 

2.66 

2.15 

2.4 

2.4 

2.4 

2.35       L5 

3 

1    2.4 

1.95 

1.9 

1.9 

1.8 

1.6 

1.4 

1.4 

1.35 

1.35 

1.35 

1.35 

1.35 

1.4 

1.4 

19 

2.35       L« 

4 

1    2.4 

20..  . 

2.35       Lfi 

5 ..... 

:::::::i  2.4 

21 

2.3        Lfi 

6 

1 2.4 

22 

2.35       L4 

7 

1 2.5 

23 

j 
2.25  '     L4 

8 

2.6 

24 

2.25       L4 

9 

2.6 

26 

2.25       L4 

10 

1  2.6 

26 

2.15       L4 

11 

1  2.6 

27..  . 

2.06       1 4 

12 

i  2.6 

28 

2.1         L4 

13 

2.6 

29 

2.1         L4 

14 

2. 6 

30 

2.1         L5 

15 

1    2.65 

31 

u 

16 

2. 7 

1 

WAPATOZ  OAHAL  HSAK  HORTH  YAKJMJL,  WASH. 

This  canal  heads  in  the  left  bank  of  Naches  River  opposite  the  mouth  of  Tieton  River,  in 
sec.  36,  T.  15  N.,  R.   16  £.     It  is  maintained  by  a  stock  company  of  100  equal  shares. 

The  gage  is  200  feet  below  the  head-gates.  Measurements  are  made  from  a  foot  pUok 
100  feet  below  the  gage. 

Discharge  measurements  of  Wapatox  canal  near  North  Fdh'ma,  Wash.,  in  1905. 


Area  of 
section. 

Mean 
velocity. 

Gam 
hei^t. 

Dis- 

V 

Feet  per. 
iecond. 

FeeL 

SeeoiKi' 
fed. 

1&3 

1.64 

1.83 

aao 

28.0 

1.93 

2.67 

540 

8.5 

.82 

.66 

T.O 

Daily  gage  height,  in 

feet,  of  Wapatox  canal  near  North  Yakima,  Wash.,f 

7rl906. 

Day.          June. 

July. 

1 

Aug.     Sept. 

1 

2.5    '    2.75 

2.4    1 

2.4    i 

2.3    ' 

2.25  1    2.65 
9  15  '     9  fi.'i 

Oct. 
0.65 

i         Day. 

1 

June. 

July. 

Aug. 

'^ 

Oct. 

1 

2.0 

2.0 

2.25 

12.25 

2.1 

2.35 

17 

2.6 

2.6 

2.75 

2.9 

2.9 

2.86 

2.85 

2.4 

2.25 

2.4 

2.4 

2.4 

2.4 

2.4 

2.6 

0.0 

ao 

0.0 

2.9 

2.85 

2.9 

2.85 

2.9 

2.85 

2,85 

2.8 

3.1 

2.75 

2.85 

2.65 

2.5 

2.4 

2.5 

2.35 

2.65 

2.4 

2.4 

2.4 

2.35 

2. 35 

2.1 

2.0 

1.9 

1.9 

2 

.65 
.65 

1.15 

1.0 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 

1  18 

3 1 

19 

2.35 

2.35 

2.35 

2.36 

2.25 

2.25 

2.25 

2.25 

2.0 

2.0 

2.0 

1.9 

4 1 

20 

5 1 

21 

6 .     . 

'  22 

7 ' 

2. 35  :     2. 15  '     2. 7& 

23 

8 ' 

2.65  '    2.25 
2.  75  1    2. 25 
2.95  '    2.5 

2.6 
2.6 
2.65 

!  24 

9 1 

25 

10 1 

26 

11 

2.65  1    2.5    ^    2.6 

2.5  1    2.85  '    2.6 

2. 6  1    2. 75  !    2. 65 
2.65       2.fi5  1     2.6 

27 

12 ' 

28 

13 ' 

29 

14 

30 

15 

2.6 
2.65 

2.25 
2.75 

2.5 
2.4 

'  31 

16 
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FORTTJHE  OAVAL  HSAK  HORTH  YAEDCA,  WASH. 

This  canal  heads  in  the  right  bank  of  Naches  River  on  John  W.  Paster's  ranch,  16  miles 
from  North  Yakima.     Its  intake  is  near  that  of  the  Lower  Scott  canal. 

The  gage  is  at  a  wagon  bridge  on  the  road  leading  to  the  ford.  Measurements  are  made 
from  the  bridge. 

Discharge  measurements  of  Fortune  canal  near  North  Yakima ,  Wash.j  in  1906. 


Date.         1                          HydrographcT. 

Area  of 
section. 

Mean 
velocity. 

Feet  per 
second. 

0.98 
.60 

1.18 
.48 

Gage 
height. 

Dl». 
charge. 

Jtiiie24. 1  W.  C.  Miildrow 

Square 

.2.5 
7.7 

M.1 
8.2 

Feet. 

Second- 
feet. 

12.3 

August  16 do 

September  4. do 

October  9 do 

1.60 
2.25 
1.50 

4.7 
16.0 
4.0 

Daily  gage  height  j  in  feet  f  of  Fortune  canal  near  North  Yakima,  Wash.,  for  1905. 


Day. 


I  Aug.  Sept, 


I.. 
2.. 
3.. 
4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 


1.9 
1.9 
2.2 
2.2 
2.2 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 


Oct.  1 

Day. 

Aug. 

2.2 

12. 
13. 
14. 
15. 
16. 

1.3 

1.3 

1.6 

1.5 

16 

Oct.  h 


Day. 


1.6  i 

1.6 

1.6 

1.5 

1.5 

1.5 


2.1 
2.0 
1.7 
1.8 
1.6 


2.1 
2.2 
2.2 
2.1 
2.2 
2.1 
2.0 
2.0 
2.2 
2.2 


'  22. 

23 

I  24. 

;  ^^ 
28. 

I  27, 

28. 

,  ^• 
30 

31. 


Aug.  Sept. 


1.7  I 

1.5  I 

1.4 

1.0 

1.0 

1.9 

2,2 

2.1 

2.0 

1.9 


2.2 
2.2 
2.2 
2.1 
2.1 
2.3 
2.1 
2.1 
2.1 


Oct. 


LOWER  BOOTT  OAHAL  HEAR  NORTE  YARIIIA,  WASH. 

This  canal  heads  in  the  right  bank  of  Naches  River  on  John  W  Foster's  ranch,  16  miles 
from  North  Yakima. 

The  gage  is  just  below  the  crossing  of  the  road  loading  to  the  ford.  Measurements  are 
taken  from  a  footbridge  near  tlie  gage. 

Discharge  measurements  of  Lower  Scott  canal  near  North  Yakima,  Wash.,  in  1906. 


Date. 

Hydrographer. 

Area  of 
section. 

Square 
feet. 

9.9 

3.5 

11.5 

7.3 

Mean    !     Gage 
velocity. '  height. 

Dis- 
charge. 

Jane  21 

W.C.Iduldrow                             

Feet  per  \ 
second.        Feet. 

1.40   

Second- 
feet. 

14.3 

August  16 

.do      

.94            0.70 
1.  75            1. 35 
1.51            1.05 

1 

3.3 

September  4..  . 

....do 

20.2 

October* 

do 

11.0 
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Daily  gage  height ,  in  feet  j  of  Lower  Scott  canal  near  North  Yakima  y  Wash.,  for  1905. 


Day. 

Aug. 

Sept. 

Oct. 

1.1  1 
1.1  1 
1  1  ' 

Day. 

Aug. 

Sept. 

1.1 
1.2 
1.2 

[I 

1.0 
1.0 
1.0 
1.2 
1.2 

Oct. 

1.0 
1.0 
1.0 
1.0 
1.2 

Day. 

22 

23  .     . 

Aug. 

.6 
.6 
.5 
.4 
.4 
.8 
1.1 
.9 
.9 
.8 

Sept.  Oct 

1 

0.8 
.8 
1.6 
1.3 
1.1 

. 

1.3  ..  . 

2 

13 

1.3 

3 

,  24 

L3 

4 

15 

!  Z 

25 

26 

1.0 

6 

16 

0.7 
1.0 
LO 
.8 
.9 
.7 

.9   

6 

1.1 
1.1 

I:;:!.:::::::::::: 

1.1    1  18 

1.2 

1  27 

1.0  ' 

7 

^•^1^ 

1.1  |,  29 

1.1  1    30 

1.1      31 

.9      .. 

8 

1.1 
1.1 
1.1 
1.1 

M 

19 

.9  

9 

20 

.9  

10...  . 

1.1     ' 

lol 

21 

11 

I 

1 

i 

CLARK  OAHAL  KEAR  HORTE  YAKIMA,  WASH. 

This  canal  heads  in  the  left  bank  of  Naches  River,  on  D.  R.  Putnam's  ranch,  about  16 
miles  from  North  Yakima. 

The  gage  is  one-half  mile  below  the  head-gate.  Measurements  are  made  from  a  foot  pkok 
near  the  gage. 

Discharge  measurements  of  Clark  canal  near  North  Yakima  ^  Wash.,  in  1906. 


Date. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

Gace    '     Di8- 
height.  1  change. 

June  21 

W.  C.  Muldrow 

Square 
jeet. 

6.2 

10.0 

7.2 

Feet  per 
second. 

1.42 

1.63 

.70 

,  Second- 
Feet.    1     feet. 
ks 

September  4 . . . 

do 

1.35'           16.3 

October  11.  ... 

..  .do 

.75              5.0 

Daily  gage  height,  in  feet,  of  Clark  canal  near  North  Yahima,  Wash.,  for  1905. 


Day. 

Aug. 

Sept. 

1.4 
1.7 
1.5 

,.* 

1.05 

1.4 

1.3 

Oct. 

1.3 
1.5  ' 
1.7' 

1.6, 
1 

1.1 , 

1.1  1 

1.0  1 

Day. 



12 

Aug. 

Sept. 

1.3 
1.5 
1.5 
1.4 
1.4 



1.3 

1.3 

1.3 

1.4 

Oct. 

1.0 
1.0 

1 

1         Day. 

Aug. 

1.4 
1.4 
1.4 

Sept.;  Ort. 

1.. 

1 

!  22 

'23 

1.4'      .% 

c:     1 

13 

1.4  

3 L  . 

14 ;.. 

1.0  [1  24 

l'25 

1.0    I  26 

1 

4 

15 

1.4  '    L5  

5 

16 

1.4  1    1.5' 

6....                  1 

17 

18 

19 

20 

1.6 
1.5 
1.5 

.9 
.9 
.9 

.8 
.8 

I27 

;:l::: 

7 - 

l28 

1.6 

8 

1.3 
1.4 

'29 

1.5  1    1.3  j 

9 

|30 

1.5  1    1.2  

10 

21 

1.4 

l31 

1.4 

• 

11 

1.3 

il 

! 

1 

LOWERT  CAHAL  KRAR  NORTE  TAKIKA,  WASH. 

This  canal  heads  in  the  left  bank  of  Naches  River,  about  16  miles  from  North  Yakima. 
Tlie  gage  is  at  a  bridge  al)out  1,200  feet  from  Harry  Painter's  store.    Measurements  are 
made  in  a  flume  about  800  feet  above  the  gage. 
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Discharge  measurements  ofLowery  canal  near  North  YaJcima,  Wash.,  in  1906, 


Date. 


Hydrographer. 


Area  of 
section. 


Mean 
velocity. 


J  21. 


W.  C.  Muldrow. 


Aogust  16 1 do. 

September  4 do. 

October  11 1 do. 


Square  I 
feet. 

12.8  ' 

12.2 

13.3  I 

9.8  I 


Feet  per 
second. 

1.41 

1.01 

1.74 

1.76 


Gage 
height. 


Feet. 
2.20 
2.15 
2.85 
2.35 


DiB- 
chaige. 


Second- 
feet. 

l&O 

12.3 

23.1 

17.2 


Daily  gage  height  ^  infeet^  ofLowery  canal  near  North  Yakima^  Wash.,  for  1906. 


Day. 

June.  July. 

Aug. 

Sept. 

Oct. 

Nov.; 

1 

1 

..' 2.2 

2.3 
2.3 

2.4 
2.4 

2.3 
2.3 

2.3 

2 

2.1 

2.3 

3 

.-t '    2.1 

2.S 

2.4 

2.3 

2.3 

4 

2.2 

2.2 

2.3 

2.3 

2.3  1 

5 

2.1 

2.2 

2.3 

2.3 

2.3 

6 

..' 2.1 

2.2 

2.3 

2.3 

2.4! 

7 

2.2 

2.2 

2.3 

2.3 

2.4 

8 

2.2 

2.1 

2.3 

2.3 

2.3 

9 

2.1 

2.1 

2.2 

2.3 

2•^ 

10 

2.2 

2.1 

2.2 

2.3 

2.4! 

11 

,     2.2 

2.1 

2.3 

2.3 

2.4 

12 

..| '    2.2 

2.1 

2.3 

2.3 

2.4. 

13 

..' 2.1 

2.1 

2.3 

2.3 

2.4 1 

14 

2.0 

2.1 

2.3 

2.3 

2.4 

15 

..1 2.2 

2.1 

2.3 

2.3 

2.4 1 

16 

2.2 

2.3 

2.3 

2.3 

2.4 

I        I        I        I        I 

Day.       I  Jane.|  July.  Aug. ,  Sept.  Oct.    Nov. 


17 

18 

19 

20 

21 

2.2 

22 

2.2 

23 

2.1' 

24 

2.2  1 

25 

2.3 

26 

2.4 

1  27 

2.2 

28 

2.2  ' 

29 

2.2  1 

•  30 

i 
2.2 

31 

2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.0 
2.0 
2.3 
2.4 
2.3 
2.3 
2.3 
2.2 
2.2 


2.4 
2.3 
2.3 
2.3 
2.2 
2.2 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.5 
2.5 
2.4 


2.3  I 
2.3  i 
2.3  I 

2.3  I 
2.3 
2.4 

2.4  ! 
2.3  j 
2.3 
2.3  ' 
2.3 
2.3 
2.3 
2.3 


2.3  j 
2.3  I 
2.3 
2.3  j 
2.3  I 
2.3  I 
2.3 
2.3  ' 
2.3  I 
2.3  I 
2.3  ' 
2.3 
2.3 
2.3 
2.3 


2.4 
2.4 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 


QJJSSD  OAHAL  KXAK  HORTH  YAEDCA,  WASH. 

This  is  the  next  lai^  canal  below  the  Wapatox.  Its  intake  is  on  the  left  bank  of  Naches 
River,  about  12  miles  from  North  Yakima,  in  sec.  24,  T.  14  N.,  R.  17  E. 

The  gage  is  about  three-eighths  mile  below  the  head-gates,  on  Edward  Kershaw's  ranch, 
aod  600  feet  above  the  forks  of  the  canal.  Measurements  are  made  from  a  foot  plank  near 
the  gage. 

Discharge  tneasurements  ofGleed  canal  near  North  Yakima,  Wash.,  in  1906. 


Date. 


Hydrographer. 


Jane22 W.C.  Muldrow. 

July  10 1 do 

July  19 1 do 

AT]gust5 1 do 

September  6... do ; 

October  31 ' do 


I 


Area  of 
section. 

Me«n 
velocity. 

Gage     I 
height.  ' 

Square 

Feet  per 
second. 

Feet 

43.5 

1.92 

2.20 

45.0 

1.62 

2.40 

43.0 

1.72 

2.08 

48.^ 

1.65 

2.37 

37.0 

1.40 

1.65 

2.75 

... 

.25 

Dis- 
charge. 

Second- 
feet. 

83.9 

73.0 

74.0 

79.0 

61.6 

7.6 
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STREAM   MEASUREMENTS   IN   1905,   PART   XIV. 


Daily  gage  height,  in  feet,  ofOleed  canal  near  North  Yakima,  Wa8h.,for  1905. 


Day. 

May. 

June. 

July. 

Aug. 

Sept.  ! 

1 

J                    1 

2.4 

2.25 

2.35 

2.35 

1.50 

1.50 

1.6 

2.0 

2.0 

2.0 

2.1 

2.15 

2.15 

2.15 

2.15 

2.25 

2.25 

1.6 

1.60 

2.0 

2.1 

1.9 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.1 
2.1 

1.85 
1.85 

.1.85J 
1.85 
1.85 
1.65 
1.65 
1.65 
1.65 
1.65 
1.66 
1.65 
1.85 
1.85 
1.25 
1.25 

2 '     .   . 

3 ' 

4 

5 1 

6 

7...: 1..:.... 

8 1 1 

1         1 

9 !  -   --     1 

10 

1 

11 

1 

12 

1.75 

1.75 

2.0 

2.0 

2.0 

13 

14 

■ 

15 

16 1     - 

Day. 

May. 

June. 

17 

7i! 

18 

?ii 

19! 

2.1 
2.1 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1  6 

20 

21 

22 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.1 

2.15 

2.15 

2.4 

23 

24 

25 

26 

27 

28 

29 

30 

31 

2.1 

2.1 

2.1 

2.1 

2.35 

2.35 

2.4 

2  25 

2  25 

2.1 

2.0 

2.0 

2.0 

2.0 

2.1 


2.0 
2.0 
2,0 
2.0 

1.0 

1.85 

1.85 

1.9 

1.9 

1.85 

1.8S 

1.85 

1.85 

1.85 

1.85  , 


1 25  : 

L2S 

1.23  : 

1.23  I 


Discharge  measurements  ofGleed  canal  vxisteway  near  North  Yakima,  Wash.,  m  1905. o^ 


Date. 


Ilydrographer. 


July  10 1  W.  J.  Llghtfoot. 

July  19 1 do 


Width. 

Area  of 
section. 

Mean 
velocity. 

hel3^. 

Di»- 
chafge. 

Feet. 

Square 
feet. 

Feet  per 
second. 

Feet 

Second- 
feet. 

21 

29 

1.24 

* 

16 

1 

16 

2  44 

1.40 

.     * 

rt  Includes  waste  from  all  canals  on  north  side  of  Naches  River. 
"Daily  gage  height,  in  feet,  ofGleed  canal  wasteway  necw  North  Yakima,  Wash.,  for  1905. 


Day. 

1  July. 

1 

Aug. 

Sept.i 

Oct.  '    D 

1 

1 

1.4 

1.4 
1.2 

1.1 
1.1 
1.2 
1.2 

1.0  li  12 

1 
2..    .   ., 

1.2  ''  13 

3 1 

1.  1  1    14 

4 

1.0 

1.2  i|  15 

5 

\ '     1.3  1     11 

1.4  l|  16 

6 

1 '     1.4  1     1.2  1 

1.5  'i  17 

7 

1 1.4  1     1.1 

1.5   1  18 

8 

^     1.3       1.1 

12   1  19 

9 

,     1.2       1.1 

1.3  ,    20 

10 

' ,      1.3;      1.2 

1.3      21 

11 

1.3 

1.2 

1.4  K 

Day. 


July.,  Aug. 


1.4 
1.3 
1.3 


1.2 
1.3 
1.3 
1.2 
1.2 
1.4 
1.4 
1.4 
1.3 
1.4 


Sept. 


Oct. 


Day. 


July. 


Aug. '  Sept.i  Oct. 


1.1 
1  i 
1  1 
1.1  i 
1.1  I 

"i 

1.0  ; 

1.0  1 

1.0  I 


13  ,  22 ^    2.4 

14  I  23 :     1.8 


13 
1.0 
1.0 
1.0 
1.0 
.8 
.7 


I 


24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


1.5 
13 
1  3 
1  5 
1.4 
1.4 
1.3 
1.2 


1.0  1 

11  

1.1  

I  1 

11  

1  0  1 

1.0  ' 

1.1 ' 

i 

TAKIMA  VALLEY  CANAL  NEAR  NOETE  TAKDCA,  WASH. 

This  canal  heads  in  the  right  bank  of  Naches  River,  11  miles  from  North  Yakima,  in 
sec.  24,  T.  14  N.,  R.  17  E. 

The  gage  is  in  a  flume  200  feet  below  the  head-gates.  Measurements  are  made  from  a 
footbridge  60  feet  above  the  gage. 


Digitized  byVjOOQlC 


TAKIMA    BIVEB   DRAINAGE   BASIN.  71 

Disduxrge  measuremenis  of  Yakima  VaQey  canal  near  Notih  Yakimay  Wash.,  in  1905. 


Date. 

Hydrograpber. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

June  24 

W.  C.  Moldrow 

Square 
feet. 

24.8 

Feet  per 
second. 

2.05 

2.99 

Feet. 
2.25 
2.35 
2.05 
1.35 

Second- 
feet. 

58.4 

\agast9 

do 

24.4 

7a  0 

Sfptembor  11.. 

do -- 

54.6 

Ortober9 [ do 15.3 

2.0 

30.7 

Daily  gage  heiglUf  infeet,  of  Yakima  Valley  canal  near  North  Yakimaf  Wash.,  for  1905. 


Day. 

June. 

July. 

Aug. 

Sept. 

Ckst.   i 

Day. 

June. 

July. 

2.65 

2.65 

2.9 

2.75 

2.3 

2.25 

2.25 

2.25 

2.25 

2.6 

2.3 

2.3 

2.3 

2.3 

.3 

Aug. 

Sept. 

Oct. 

1 

2.35 

2.35 

2.35 

2.35 

2.35 

2.4 

2.45 

2.5 

2.55 

2.65 

2.65 

2.65 

2.65 

2.65 

2.6 

2.65 

2.3 
2.3 
2.3 

1.95 

1.95 

1.95 

2.15 

2.2 

2.2 

2.2 

2.2 

2.2 

2.15 

2.15 

2.1 

2.25 

2.25 

X15 

2.15 

2.15 

2.15 

2.15 

2.1 

2.1 

2.1 

2.05 

2.05 

2.05 

2.05 

2.05 

2.0 

1.7    1 

1.65 ; 

1.65 
1.65 
1.65 
1.45 
1.45  1 
1.45 
1.45 
1.45  1 
1.45  , 
1.45  1 
1.45  1 
1.45  1 

1 

1 

17 

X2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.1 

2.0 

2.2 

2.25 

2.25 

2.25 

2.25 

1.95 

1.9 

1.85 

1.85 

1.8 

1.85 

1.75 

1.75 

1.75 

1.75 

1.75 

1.7 

1.7 

1.7 

. 

2 i 

18 

3 

19 

4 

20 

5 t 

21 

• 

6 1 

22 

1 
7 • 

23 

8 

24 



2.3 
2.3 
2.35 
2.3 
2.3 
2.3 
2.35 

9 

25 

10 

26 

11 

27 

12 1       ■. 

28 

13... 

29      

14.  :    J 

30 

15 1 

31 

16 1 

1 

WHITE  *  UAOH  OAHAL  HSAK  HOETH  YAXDEA,  WASH. 

This  canal  heads  in  the  left  bank  of  N aches  River  about  10  miles  from  North  Yakima. 
Hie  gage  is  at  a  wagon  bridge  on  White's  ranch.    Measurements  are  made  from  a  foot- 
bridge 200  feet  above  the  gage. 

Discharge  meaauremenls  of  White  cfc  Leach  canal  near  North  Yakima,  Wash.,  in  1905. 


Date. 

Hydrographer. 

Area  of       Mean 
section,    velocity. 

Gage 
height. 

Dis- 
charge. 

Jane  22. 

W.  C.  Ifuldrow 

Square     Feet  per 
feet.        second. 

4.7            2.32 

7.9    1         1.28 

4.86            1.22 

Feet. 

Second- 
feet. 

lao 

Aiunistl8 

do 

1.40 
1.05 

lai 

September  12. . 

do 

6.0 
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DaUy  gage  height,  in  feet,  of  White  ds  Leach  canal  near  North  Takima,  Wa^.,  for  1905. 


Day. 

Aug. 

Sept. 

1 
Oct. 

Day. 

Aug. 

Sept. 

Ckst. 

Day. 

AU. 

Sept.!  Oct 

1 

0,8 
1.4 
1.5 
1.3 
1.4 
1.2 
1.2 
1.3 
1.2 
1.2 
1.0 

1 
1.1 
1.3 
1.3 
1.3 
1.3 

.8 

.5 

.4 

.3 

.3 

.2 

12 

0.9 
1.3 
1.3 
1.0 
.9 
.9 
.9 
.7 
.9 
1.1 

0.2 
.2 
.1 

22 

23 

24 

25 

1.3  1 

1.2 

1.2  1 

L2, 

1.2 

1.0  1 

1.4 

^: 

.9 

1 

1,2  

2 

13 

1.1   

3 

14 

L2   

4 

15 

1.2  i 

6 ' 

16 

26 

L3   

6 ... 

17 

27 

1.3   

7 

1     ' 

18 

..    1.4 

28 

29 

30 

1.3   

8 

19 

..     1.4 

L2   

9 

20 

..     1.4 

1.1    

10 '  .  . 

21 

..     1.4 

11 ' 

1 

MoOOKKIOK  OAHAL  HEAR  HOETE  YAXXKA,  WASH. 

This  canal  heads  in  the  left  bank  of  Naches  River  about  9  miles  from  North  Takima. 

The  gage  is  close  to  the  road  on  the  lower  branch  of  the  White  &  Leach  canal,  which 
supplies  the  McCormick  canal  after  July  1.  Measurements  are  made  in  a  flume  300  ffet 
below  the  gage. 

Discharge  measvrements  of  McCormick  canal  near  North  Yakima,  Wash.,  in  1905. 


Date. 


Hydrograpber. 


I  Area  of 
section. 


Mean    i 
velocity. . 


Ga» 
heign 


Dia- 
charge. 


Si 


June  22 

August  18 

September  12. 


W.  C.  Muldrow. 

....do 

do 


Iquare 
feet. 

4.75 

5.2 

6.8 


Feet  per 
second. 

1.76 

2.25 

.70 


Feet. 


Second- 
feet. 

1     ^! 

1.50  11.7 

.95  I  i6 


Daily  gage  height,  in  feet,  of  McCormick  canal  near  North  Yakima,  Wash.,  for  1905. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 


Day. 


Aug. 


Sept. 


0.9 
1.1 
1.2 
1.0 
1.1 
1.0 
.9 
1.0 
1.0  I 
1.0 


Oct. 


1.0 
1.3 
1.4 
1.4 
1.4 
.8 
.7 
.7 
.7 


Day. 


12., 
13.. 
14.. 
15.. 
16.. 
17., 
I  18., 
19. 
20. 
21. 


Aug. 


1.5 
1.5 
1.5 
1.4 


Sept.   Oct. 


1.0 : 

1.2  i 

1.2 

1.1  ' 

1.0 

1.0  j 

1.0 

1.0 

1.1 

1.2 


0.6 
.5 
.5 
.5 


Day. 


Aug.  I  Sept.  Oct. 


1.2 
1.2 
1.2 
1.1 
LI 
1.0 
1.2 
1.1 
1.0 


1.2  . 
1.2  . 
1.2  . 
1.2,. 

1.4  |. 
L3  . 
1.2  1., 
1.1,. 
1.1   . 
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VA0HS8-C0WI0HE  OAHAL  HSAK  HORTH  YAXXKA,  WASH. 

The  intake  of  this  canal  is  on  the  right  bank  of  Naches  River  just  below  Nelson's  bridge 
at  Painted  Rocks,  in  sec.  9,  T.  13  N.,  R.  18  E.  About  three-eighths  of  a  mile  below  the 
intake  the  canal  crosses  Cowiche  Creek  and  until  about  June  1  takes  nearly  all  its  water 
from  thb  source.  The  amount  of  water  taken  from  the  river  gradually  increases  until 
about  August  1,  after  which  date  the  entire  flow  of  the  canal  is  drawn  from  Naches  River. 

The  gage  is  in  a  flume  on  T.  B.  Nelson's  place  about  one-half  mile  below  the  head-gates. 
Measurements  are  made  from  a  foot  plank  near  the  gage. 

Disckarge  meoBunments  of  Nacke^-Cowiche  canal  near  North  Folrima,  Wash.,  in  1905, 


Jane  22 
JolylL 
August  9 

September  15..  i do 

September  29 do 


Daily  gage  heighty  in  feet,  of  Naehe»-€<miche  canal  near  North  Yakimaj  Wash.,  for  1906. 


Day.    June. 

1 

2 

3 ' 


July.   Aug. 'Sept. 'I    Day. 


2.35  I 

2.35  j 

I  2.35  ' 


2.35 

2.5 

3.0 

3.0 

3.1 

3.25 

3.25 

3.25 

10.... 

11 

) 

3.0 

2.75 

3.0 

3.0 

3.0 

3.0 

2.76  I 

2.75 

2.75 

2.75 

2.75 


June.jJuly.  Aug.  Sept. 


I 


3.35 

3.25 

3.25 

3.25 

3.25 

3.25 

3.25 

3.2 

3.2 


3.15 

3.2 

3.15 

3.15 

3.15 

3.15 

3.15 

3.15 

3.15 


3.25     3.15 


2.65 

2.6 

2.25 

2.25 

2.25 

2.3 

0.0 

2.25 

2.25 

2.3 


Day.    jJune.  jjuly.    Aug.   Sept. 


22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 


.  3.1 
.1  3.0 
J  2.-4 
.    2.4 

.|2.4 
.'2.5    I 
.1  2.5    I 
'2.5    i 
2.25 


3.25 

3.15  1 

2.3 

3.25 

3.16  1 

2.26 

3.25 

3.15  i 

2.3 

3.25 

3.15 

2.3 

3.25 

3.15  1 

2.15 

3.25 

3.15  1 

2.2 

3.25 

3.15  1 

2.15 

3.25 

3.1 

2.1 

3.25 

3.1 

2.1 

3.25 

3.0    I 

BBOADOATTOE  OAKAL  HEAR  HORTE  YAKIKA,  WASH. 

Tliis  canal  is  supplied  from  the  wasteway  of  the  Power  canal.    The  gage  is  about  500 
feet  below  the  head-gates,  at  a  bridge  from  which  measurements  are  made. 

Discharge  measurements  of  Broadgauge  canal  near  North  Yakima,  Wash.,  in  1905. 


Date. 


Hydrographer. 


June  23 W.C.Muldrow. 

August  1 do 

August  12 do 

September  20 do 


Area  of 
section. 


Square 
feet. 

'  2.65 

aoo 
9.10 

5.60 


Mean 
velocity. 

Gage 
height. 

Feet  per 
second. 

1.29 

Feet. 

.84 
.90 
.60 

1.25 
1.45 
1.00 

1 

Dis- 
charge. 


Second- 
feet. 

a4 

6.7 

8.2 

ao. 


IRR  178—06- 
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Daily  gage  heiglU,  in  feet,  of  Broadgauge  canal  near  Nwrth  Yakima,  Wa^.,for  1905. 


10. 
11. 
12. 


14. 

15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


May. 


1.4 
1.5 
1.5 
1.5 
1.5 
1.5 


June. 


July. 


1.6 
1.5 
1.25 

.7 
1.6 
1.0 

.95 
1.0 
1.45 
1.3 

.75  I 

.6 

.6 

.6 
1.0 
1.0 
1.65 
1.4 
1.75 
1.7 
1.7 
1.7 
1.75 

.5 
1.7 
1.7 
1.5 
1.5 
1.5 
1.5 


1.6 
1.6 
1.65 
1.65 
1.65 
1.5 
1.75 
1.5 
.35 
.35 
1.5 
1.5 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.5 
1.25 
1.25 
1.4 
1.0 
1.0 
1.15 
.9 
1.15 
1.25 
1.25 
1.5 
1.42 


Aug. 


1.0 
1.0 
1.45 
1.45 
1.75 
1.75 
1.58 
1.75 
1.8 
1.85 
1.4 
1.4 
1.35 
1.4 
1.4 
1.4 
1.15 
1.5 
1.35 
1.35 
1.0 
.85 
1.75 
1.85 
1.9 
1.85 
1.85 
1.85 
1.75 
1.6 
1.6 


Sept.       Oct.    ,  Not. 


1.6 
1.6 
1.0  I 
.5  I 
.75  I 
1.5  ' 
1.5  I 
1.65  ' 

1.5  I 
.9    , 

1.65  I 
1.6 

1.6  ' 
1.75, 
1.6 
1.4    I 

.84 

.84  1 
1.35  I 
1.35 
1.35  \ 
1.35  I 
1.35 
1.35  ' 
1.35  , 
1.35  I 
1.35  I 


1.0 

1.7 


L35  ; 

asli 

1.0 

.^ 

LO 

.85 

.9    1 

.85 

.9 

« 

.9    1 

.fi 

9    ' 

.Si 

.bo 

.<> 

.85 

.9 

9 

.85 

.^ 

.85 

.85 

.85 

.85 

.85 

.85' 

.85 

.85 

.&5 

.9 

.85 

.85  , 

POWER  GANAL  AT  NORTH  YAKIMA,  WASH. 

This  canal  heads  in  Naches  River  on  its  right  bank  in  sec.  10,  T.  13  N.,  R.  18  E.,  about 
4  miles  from  North  Yakima.  Previous  to  October,  1904,  it  was  known  as  the  Yakini* 
Valley  Light  and  Power  Company  canal.  It  is  now  the  property  of  the  Northwestern 
Light  and  Water  Company,  and  is  the  largest  canal  taking  water  from  Naches  River. 
The  new  company  now  controls  also  the  Shanno  and  Broadgauge  canals.  These  two  canals 
and  the  Union  canal  cro.ss  the  Power  canal,  and  during  the  summer  are  supplied  chieflj 
by  it.     The  wastcway  of  this  canal  discharges  into  Yakima  River. 

The  gage  is  just  Ijelow  the  regulating  gates.  Measurements  are  made  at  the  regulating 
gates  and  at  a  .small  flume  which  crosses  the  c^nal  a  short  distance  below  the  gage. 

Discfiarge  meamremerds  of  Power  canal  at  North  Yakima,  Wash.,  in  1905. 


Date. 

1 

1                          Ilydrographer. 

1  \  rea  of 
1  section. 

Mean 
velocity. 

iJaee          Pi?- 
hpight.     charge. 

1 
1 

Square 
feet. 

Feet  per 
second. 

Second- 
Feet,         fed. 

Juno  23 

..]  \V.  .f.  Light  foot 

80 

2.23 

2.83  1           1-0 

August  10... 

..1 do 

1             75 

2.40 

2.85             1^ 

1 

1 

1 
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DaUy  gage  height  t  in  feet  ^  of  Power  canal  at  North  Yakima,  Wash.,  for  1906. 


Day. 

Jane. 

July. 

Aug. 
2.75 

Sept. 

9  A<>   1 

Day. 

June. 

July. 

2.0 
2.35 

Aug. 

2.65 
2.65 

Sept. 

Day. 
22 

June. 

July. 

Aug. 

2.65 
2  65 

Sept. 

1 

2.65 
2.65 

12 

2.65  { 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2,75 

2.75 

2.75 
2,75 
2.75 
2.65 
2.65 
2.75 
2.75 
2.75 
2.76 
2.75 

2,76 

2 

"  1 
2.76     2.65  ! 

13.   ... 

23 

24 

25 

26 

.  27 

.  28 

29 

|30 

1  31 

2.85 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.66 

0  AK 

3 ' 

2.65 

2.75 

2.«' 
2.65 

14 

2.75 

2.65       ">  tiR. 

4 

2.65     2.75 
2.65  1  2.75 

15 1 

2. 65     2. 65 

2.65 
2.65 
2.65 
2.66 
2.65 
2.65 
2.66 

2.65 

5 

2.65 
2.65 
2.65  1 

16. 

2.65 
2.65 
2.66 
2.66 
2.75 
2.76 

2.65 
2.65 
2.66 
2.65 
2.66 
2.66 

2.66 

6 

7 

2.65 
?65 

2.8 

2.8 

3.0 

2.65 

2.66 

2.65 

17 ' 

2,66 

18 1 

966 

S 

1.35 
1.35 
1.35 

2.65 

19 

2  65 

9 

2.66 
2.65 
2,66 

20 

2.66 

10 

21 

11 

1.35 

1 

• 

SHAVVO  OAHAL  AT  KORTH  TAKIMA,  WASH. 

This  canal  is  supplied  from  the  wasteway  of  the  Power  canal.  The  gage  is  near  a  bridge 
about  1,200  feet  below  the  head-gates.  Measurements  are  made  from  a  foot  plank  about 
100  feet  below  the  gage. 

Discharge  measurements  of  Shanno  canal  at  North  Yakima,  Wash.,  in  1905. 


Date. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

Ai^uit  12 

• 
W.  C.  Muldrow 

19.6 
16.3 
10.9 

Feet  per 
second. 

1.66 

1.00 

.47 

Feet. 
2,10 
1.60 
1.25 

Second- 
feet. 

32.4 

September  I . . . 
September  29.. 

do 

^  a*.  ■■ 

15.4 

....do 

6.2 

DaUy  gage  height,  infect,  of  Shanno  canal  at  North  Yakima,  Wash.,  for  1905. 


Day. 


May.  I  June. 


2.1 

2.1 

1.65 

1.65 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.75 

1.75 

1.8 

1.5 

1.4 

1.4 

1.6 

1.6 

1.6 

1.9 

1.9 


July. 


1.0 

1.0 

1.9 

1.9 

1.9 

2.0 

1.9 

2.0 

2.0 

2.0 

2.25 

2.25 

2.35 

2  35 

2.25 

2  25 

2.25 

2.25 

2.25 

2  25 

125 


Aug. 

Sept. 

1.85 

2.35 

1.85 

2.35 

1.85 

2.25 

1.85 

2.2 

1.85 

1.8 

1.85 

1.8 

1.85 

1.8 

1.85 

1.8 

1.85 

1.8 

2.0 

1.75 

2.0 

1.8 

2.1 

1.85 

Oct. 


2.35 

1.85  1 

2  5 

1.8    1 

2.4 

1.85 

2.4 

1.85 

2.4 

1.85 

2.25 

1.9 

2.25 

1.8 

2.25 

1.25 

2.15 

1.25 

Nov. 


.1 

.1 

.15 

.1 

.15 

.2 

.15 

.15 

.1 

.1 

.15 
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1.1 

1. 

1. 

Ll 

l.( 

1.1 

1. 

1.: 
1.1 
1. 
1.1 

Ll 

I. 
1. 
1. 
1. 

1.06 
1.05 
1.05 
1.06 
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DaUy  gage  height,  in  feet,  of  Shanno  canal  at  North  Yakima,  Wash.,  for  1905 — Contimieil 


Day. 

May. 

June. 

2.25 

2.4 

2.5 

2.25 

1.6 

1.6 

1.0 

1.0 

1.0 

July. 

2.25 

2.25 

2.35 

2.35 

2.0 

2.0 

1.5 

1.6 

1.8 

1.85 

Aug. 

Sept.   , 

Oct. 

1,15 

1.15 

1.15 

1.2    , 

1  2 

1.2 

1.2 

1.15 

1.15 

1.15 

Nov. 

22 

2.1 

2,0 

2.0 

2.0 

2.0 

2,0 

2.0 

1.25 

1.75 

1.75 

1.25 

1.25 

1.2 

1.2 

1.2 

1.2 

i.25 

1.2 

1.2 

i.a'. 

23 , 

1.0 

24 

I.OS 

25 

1.0 

26..... 

1.0 
1.9 
2.0 
1.9 
2.0 
2.1 

.H 

27             

.8 

28 

1.0 

29 

30 

31 

XTNION  GAHAL  AT  NORTH  YAKIKA,  WASH. 

This  canal  heads  in  Naches  River  on  the  right  bank  in  sec.  11,  T.  13  N.,  R.  18  E.  In 
sec.  13  the  Union  canal  crosses  the  wastewaj  of  the  Power  canal  and  takes  some  addi- 
tional water  from  it. 

The  gage  b  just  below  the  head-gates.  Measurements  are  made  at  the  end  of  the  flume 
a  shoit  distance  below  the  gage. 

Discharge  measurements  of  Union  canal  at  North  Yakima,  Wash.,  in  1905. 


Date. 


July  11 

August  19 

September  15. 


Hydrograpber. 


W.r.  Muldrow. 

....do 

....do 


Area  of 
section. 


Square 
feet. 

22.0 

23.0 

24.0 


Mean 
velocity. 


Feet  per 
second. 

2,27 

1.79 

1  30 


Gage         Dto- 
heignt.     charge. 


Sectmd- 
Feet.         feet 

1.66 1        sac 

1.66  ■  Ct' 

1.50 1       as 


Daily  gage  height,  in  fee*,  of  Union  canal  at  North  Yakima,  ^f^sh.,  for  1905. 


Da,. 

June. 

July. 

1.15 

1.15 

1.15 

1.15 

1.0 

1.0 

Aug. 

Sept. 

Day. 

June. 

July. 

1 

1.5 
1.5 
1.5 
1.5 

1.6 
1.6 
1  .1 

1.5 
1.5 
1.5  1 

,2 1 

1.15 

1.15 

1.15 

1.16 

1.15 

1.35 

1.4 

1.35 

1.35 

1.35 

2 

,3 1.  . 

3 

14 1 

4 

1.5  ( 
1.5  1 
1.5 
1.5 
1.5  ' 
1.5  1 

1.5  ; 

,.5j 

15 

5 

16 

6 

17 

7 

1.0 

18 ' 

8 

1.0     1  15 

19 

9 ' 1  1.0       1.6 

20 

10 1.0    1  1  65 

21 

11 ' 1  1.0    1  1.6 

i                  !                  1 

Aug. 

Sept. 

Day. 

June. 

July. 

Aug.   Sept. 

1.6 

1.5 
1.4 

22 1 

1.5 
1.5 
1.5 

1 
1.5  1      1.5 

1.6 

!  23 

j 
1.5  1     1.5 

1.6 

1 

1  24 

1.35 

1.51     15 

1.6 

1  25 

1.35 

1.65 

1.5'     L5 

1.5 

1.4 

1  26 

1.35 

1.65 

1.5        1.5 

1.5 

1.35 

'27 

1.35 

1.65 

1.5        1.5 

1.5 

1.^5 

|28 

1.35 

1.65 

1.5        I' 

1.5 

1.35 

29 

1.15 

1.6 

1.5        1.5 

1.5 

1.4 

30 

1.15 

1.35 

1.5        15 

1.5 

1.5 

31 

1.35 

TOWK  OAKAL  AT  NORTH  YAKIMA,  WASH. 

This  canal  heads  in  Naches  River  in  the  right  bank,  one-eighth  mile  above  the  Northern 
Pacific  Railway  bridge  and  three-fourths  mile  above  the  mouth  of  the  river. 

The  gage  is  near  A.  M.  Cole's  house,  one-half  mile  below  the  headworks.  Measurements 
are  made  from  a  foot  plank  near  the  gage. 
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DUduxrge  measuremevts  of  Town  canal  at  North  Yakima^  Wash.^  in  1906. 


Date. 


June  23 

Ai^ust  U...*. 
S4>ptember  23. 


Hydrographer. 


W.  C.  Muldrow. . 

do 

do 


Area  of 
section. 

aquare 
Jeet. 

Mean 
velocity. 

Feet  per 
second. 

heiglt. 

Feet. 

ia2 

1.24 

1.83 

18.4 

1.14 

2.17 

12.0 

1.22 

1.70 

Dis- 
charge. 


Second- 
feet. 

16.6 

21.0 

14.6 


DaUy  gage  height,  in  feet,  of  Town  canal  at  North  Yakima,  Wash.,  for  1906. 


Day. 

June,  j  July. 

Aug. 

Sept. 

Day. 

June. 

July. 

Aug. 

1.9 

1.9 

1.75 

1.6 

1.4 

1.35 

2.6 

2.5 

2.5 

2.5 

Sept.  • 

1.9    , 

1.9 

1.75 

1.6    1 

1.4 

1.35 

1.25 

1.25 

1.6 

1. 75  , 

[ 

Day. 

June. 

July. 

Aug. 

Sept. 

1 

1.85 

J 1.85 

.' 1.75 

1.75 

1.7 

1.65 

.' 1.65 

-' 1.65 

1.6 

.; 2.15 

J 1.9 

1 

1.65 

1.7 

1.85 

1.65 

1.4 

1.4 

1.4 

1.75 

2.35 

2.35 

2.3 

2.05 

2.0 

2,0 

1.9 

1.9 

1.85 

1.8 

1.85 

1.85 

1.85 

1.85 

12 

1.6 

1.6 

2.15 

2.15 

2.15 

2.15 

2.1 

2.0 

2.0 

2.0 

22 

2.0 

2  5 

1.76 

2 

3 

13. ...1 

14. ...I 

23 

24 

26 

26 

27 

^ 

29 

30 

31 

1.85 
1.9 

2.15     1.9 
2. 15  1  1. 75 

1.75 
1.85 

4 

15 

1. 85  1  2. 1     ,  1. 6 
1.85  1  1.9       1.4 
1.85     1.85  1  1.5 

1.85 

5 

16 



1.85 

6 

17 

1.9 

7 

8 

9 

10 

18.... 

]''■-[ 

20. ...1 

21 1 

1.9 
1.9 
1.85 

0.0    ,  2.4 
1.85  '  2.05 
1.85     2.1 
1.65     2.1 

1.8 
1.75 

11 

Miscellaneous  discharge  measurements  of  canals  in  Yakima  River  drainage  basin. 


Date. 


Stream. 


July  13. j  Fogarty  canal . 


October  6. 

July  6. 


do 

O ranger  canal. 


Locality. 


Yakima  River,  near  EI- 
lensbui^. 

....do 


August  21.. 
June  24-... 


do 

Upper  Scott  canal. 


August  16 

September  4... 

June  24 

June  21 


Yakima     River,     near 
North  Yakima. 


.do. 


Width. 


Feet. 


June  24. 
June  22. 


August  18.... 
September  1 . 


November  6.. 
September  11 


Ix>ft  bank  upper  N aches  '. 
Valley. 

.do do L 

.do do '. 

Cox  canal 1  Left  bank  Naches  River.  . 

Kelly  canal I  Right  bank  Naches  Illver. ' . 

do I do '. 

Laswell  canal do. 

Morrisey  canal.. 


.do. 


Left  bank  Naches  River, 
near  North  Yakima. 


.do. 


R.S.d'C.Co.'scanal 


At  power  house  of  power  i 
canal,  near  North  Yak- 1 
ima.  I 


do 

Nelson  canal. . 


.do. 


Left  bank  of 
River,  near 
Yakima. 


Naches 
North  I 


Area  i  Mean 
of  sec-  veloc- 
tlon.      ity. 


Sg. 
feet. 


Feet 
per 
sec- 
ond. 


8.3 

6..7 

a  15 

2.71 

LO 

a5 

6.0 


0.88 

.55 
.87 
L31 
.80 
.95 
.58 


Gage 
height. 


Feet. 


Dis- 
charge. 


Second- 
feet. 

30 

53 
3.6 

2.6 
7.3 

3.7 
7.1 

a6 

.8 

a2 

3.5 
4.0 

4.0 
4.5 

8,5 
7.4 
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Miscellaneous  discharge  measurements  of  canals  in  Yakima  River  dra\ 

Inage  hasin — i 
Mean     ^.^ 

Feet 

per    1 
tec-  1 
ond.       Feet. 

\ 

>»tiL 

Date. 

Stream. 

Locality. 

Width. 

Area 
of  sec- 
tion. 

cbair 

August  7. 

September  15 . 

Union  canal 

do 

Below  power  wasteway, 
in  North  Yakima. 

do 

Fett. 

Sq. 
feet. 

Set»%d- 

feet. 

4S 

10 

September  15 . 
October  12 

Shan  no  Fruitvale 
canal. 

.do      

Right      bank      Naches 
River,     near     North 
Yakima. 

,t .  -do 

8.0 
4.0 

2.19 
.70 



17.  i 
IS 

September  14 . 
June  9 

Wide  hollow  waste.. 
Prosser  power  flume. 
do 

Near  Yakima. 

44 

Prosser 

12 
12 
12 
12 
12 
12 

118 
48 
71 
82 
73 
86 

2.00 
a86 
1.48 
2.76 
.79 
.62 

22.90 
17.25 
19.58 
2a  25 


246 

August  16 

do 

U6 

September  1. . 
September  14 . 

do 

..do 

IDS 

...do 

do 

2S 

September  1. . 
September  15 . 

Taylor  power  flume. 
do 

do 

58 

do 

M 

KACHESS  LAKE  NEAR  EASTON,  M^ASH. 

In  order  to  determine  the  amount  of  storage  in  Kachess  Lake,  which  is  controlled  by  a  dam 
at  its  outlet,  a  record  of  the  height  of  the  water  surface  was  kept  from  September  20  to 
December  31,  1905. 

DaUy  gage  height,  in  feet.  o<  Kachess  Lake  near  Easton,  Wash.,  for  1905, 


Day. 

Sept. 

Oct. 

Nov. 

Dec.] 

Day. 

Sept. 

Oct. 

Nov. 

Dec/ 

Day. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

ai 

.25 
.6 
.8 
.85 
1.0 
1.2 

0.95 
.85 
.8 
.8 
.8 
.7 
.6 
.6 
.5 
.5 
.45 

0.45  , 
.45 
.4^ 

* 

•4    1 
.3    1 

1.3 

1.3 

12 

1.0 
1.0 
.95 
.9 
.9 
.9 
.86 
.86 
.75 
.7 

0.45 
.4 
.4 
.35 
.3 

1.25 
1.25 
1.2    , 
1.15 
1.15 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

0.3 
.3 
.25 
.2 
.3 
.25 
.2 
.15 
.15 

0.65 
.65 
.65 
1.15 
1.15 
1.15 
1.15 
1.1 
1.2 

a25 
.25 
.25 
.35  , 
.35 
.4 
.5    1 

:«! 

l.I 

2...     . 

13 

l.(K 

3 ' 

14 

106 

4       .     1 

16 

1.1 

:  : 

16 

L3 

6 

17.... 

.25  I  1.2 

.25  1  1.2 
.3    1  1. 15  1 
.45  1  1.15  j 
.  35  1  1. 16  ' 

1.3 

7 

18 

L3 

8  .. 

1.1 
1.1 
1.1 
1.0 

19 

1.3 

9 

20.... 
21  .... 

0.4 
.4 

1.3 

10 

11.15 

1.15 

11 

! 
1 

KACHESS  RIVEIl   NEAR  EASTON,  WASH. 

This  station  was  established  October  14,  1903,  by  G.  H.  Bliss.  It  is  located  2  miks 
northwest  of  Easton,  Wash.,  and  one-half  mile  below  the  foot  of  Lake  Kachess,  at  the  outlet 
of  which  a  dam  has  been  constructed  by  the  Cascade  Canal  Company.  This  dam  controls 
the  flow. 

The  channel  is  straight  for  600  feet  above  and  150  feet  below  the  station.  The  current  is 
swift.  Both  banks  are  high,  wooded,  and  not  liable  to  overflow.  The  bed  of  the  stream  b 
composed  of  gravel  and  rocks  and  is  free  from  vegetation. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  wire. 
The  cable  has  a  span  of  120  feet.  The  initial  p>oint  for  soundings  is  the  south  side  of  the 
aspen  tree  to  which  the  cable  is  fastened  on  the  left  bank. 

The  gage  b  an  inclined  rod  on  the  left  bank  directly  under  the  cable.  During  1905  the 
gage  was  read  once  each  day  by  B.  W.  Morrow.  The  bench  mark  is  the  top  of  a  large  wire 
naU  driven  into  the  south  side  of  the  large  aspen  tree  to  which  the  cable  is  fastened  on  the 
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left  (north)  bank.     The  tree  is  blazed  and  is  marked  "B.  M."  with  blade  paint.    The  nail  is 
near  the  base  of  the  tree  and  has  an  elevation  of  11.27  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers  of 
the  United  States  Geological  Survey: 

D^cription:  100,  pp  385-386;  135  p  90. 
Duachaige:  100.  p  386;  135.  p  90. 
Discharge,  monthly:  135,  p92. 
Gage  heights:  100.  p  386;  135.  p  91. 
Rating  table:  135.  p  91. 

Discharge  measurements  of  Kachess  River  near  Easton,  Wash.^  in  1905. 


Date. 


Ilydrographer. 


April  26 W.  J.  Ughtfoot. 

Jane  2 do 

June  27 1 do 

August  25 W.  C.  Muldrow. 

November  16. do 


idth. 

Area  of 
section. 

Mean 
velocity 

yet. 

Square 
feet. 

Feet  per 
second 

74 

180 

2.86  , 

76 

253 

3.68 

70 

121 

2.18 

70 

113 

2.10 

71 

102 

1.53 

Gage     I      Dls- 
height.   '  charge. 


DaUy  gage  Jieight^  in  feel,  of  Kachess  River  near  Easton,  Wash.,  for  1905. 


Day. 


1 

4.3 

2 

4.3    ' 

3 

4.3    - 

4 

4.25 

4.2 

4.1 

4.05 

Z.96 

Z.9 

3.85 

3.8 

a  75 

a  75 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

^8    ' 

15 

a  75 

16 

a7 

17.... 

a6 

18 

a  15 
a65 
a6 
ae 

19 

20..  . 

21.... 

22 

a6 

23 

36 

24.... 

a6 

25.... 

a6  1 

26.. 

a6  1 

21... 

a65 

a65 

a6 

a6 

a6 

28.... 

29-... 

30 

31.. 

a55 

a55 

a55 

a25 

a25 

a5 

a5 

a5 

a5 

a5 

a5 

a5 

a5 

a45 

a45 

a4 

a4 

a35 

a45 

a42 

a43 

a  45 

a45 

ao 

a  5 

a5 

a55 

a65 


•I 


Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

a  75 

4.45 

5.0 

6.0 

4.25 

a  4 

4.0 

2.9 

4.8 

6.0 

4.2 

a  75 

4.3 

2.9 

4.8 

6.8 

4.2 

a  75 

4.6 

2.9 

4.7 

5.65 

4.2 

a7 

4.65 

2.9 

a2 

6.6' 

4.15 

a65 

4.8 

2.9 

ai 

5.4 

4.15 

a  6 

4.9 

2.9 

ai 

5.25 

a  7 

ass 

4.95 

2.9 

ai 

5.0 

a65 

a  6 

5.0 

2.9 

a25 

4.7 

a  6 

a7 

4.8 

2.9 

a25 

4.75 

a6 

ass 

4.8 

2.9 

a5 

5.0 

ae 

as 

4.85 

5.1 

a  6 

4.7 

a6 

as 

4.85 

4.8 

a7 

4.75 

a6 

a45 

4.9 

4.8 

4.0 

4.9 

a  6 

a4 

4.85 

4.8 

4.0 

4.85 

a  6 

a4 

4.8 

4.8 

4.1 

4.ft5 

a  6 

a4 

4.8 

4.8 

4.3 

4.3 

a  55 

a  4 

4.8 

4.7 

4.25 

4.3 

a  55 

a  4 

4.8 

4.65 

4.4 

4.3 

a5 

a  4 

4.8 

4.6 

4.4 

4.3 

as 

a  4 

4.8 

4.7 

4.4 

4.3 

a5 

a  4 

4.8 

4.7 

4.4 

4.5,5 

as 

a  4 

4.8 

4.8 

4.5 

4.3 

as 

4.0 

4.8 

4.9 

4.75 

a  9 

as 

4.0 

4.8 

5.0 

4.8 

a  85 

as 

4.0 

4.75 

5.1 

4.8 

a  85 

as 

4.0 

4.75 

5.2 

4.75 

4.1 

ass 

4.0 

4.75 

5.15 

4.9 

4.2 

a  3 

a  95 

4.6 

5.0 

6.6 

4.3 

as 

a  95 

4.5,5 

5.0 

5.5 

4.25 

a4 

4.0 

4.5 

5.0 

5.65 

a4 

4.0 

Sept. 

a9 
a9 
a9 
a  95 

4.15 

4.1 

4.15 

4.15 

4.2 

4.2 

4.1 

4.05 

4.05 

4.0 

a  9 

ass 

a  9 


Oct.  I  Nov.  ,  Dec. 


a 

as 
as 
a  75 
a7 
a7 
a  7 
a  75 
a  7 
ae 
a  65 
a  6 
a  6 


85  I 


a  6 

4.1 

ass 

a  7 

4.05 

ass 

a85 

4.05 

ass 

4.0 

4.05 

as 

4.1 

4.0 

as 

4.15 

4.0 

as 

4.2 

a95 

as 

4.2 

a95 

as 

4.2 

a  9 

a  75 

4.2 

a9 

a  75 

4.2 

ass 

a  75 

4.2 

ass 

a7 

4.2 

as 

a  7 

4.15 

a  75 

a  7 

4.1 

a  75 

a  65 

4.1 

a  75 

a  65 

4.1 

a7 

a  7 

4.1 

a7 

a7 

4.  OS 

a  75 

a  7 

4.0 

a  75 

a  7 

4.0 

a  7 

a  65 

a  95 

a7 

a  65 

a  95 

a  7 

ae 

a  95 

a  7 

ae 

4.2 

a  75 

a  6.5 

4.3 

as 

a7 

4.3 

ass 

a  75 

4.3 

ass 

a  75 

4.25 

a  85 

a  75 

4.2 

ass 

a  75 

4.15 

a7 

Note.— No  toe  record. 
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Station  rating  table  for  Kachess  River  near  Easton^  Wash.,  from  January  1  to  December  31, 

1905. 


Gage 
height. 

Discharge. 

height. 

Discharge. 

I     Gaffe 
I   height. 

Discharge. 

height. 

Discharge. 

Feet. 

Second-feet  J 

Feet. 

Second-feel. 

Feet. 

Second-feet. 

Feet. 

Second-feet 

2.90 

17    1 

3.70 

154 

4.50 

366    1 

5.30 

624 

aoo 

26    ] 

3.80 

180 

4.60 

394 

5.40 

662 

3.10 

37    1 

aw 

206 

4.70 

422 

&50 

702 

3.20 

51 

4.00 

232 

4.80 

452 

484    1 

5.60 

744 

3.30 

68 

4.10 

258 

4.90 

5.70 

788 

3.40 

87 

4.20 
4.30 

284 

6.00 

516    1 

5.80 

834 

3.50 

108 

310 

5.10 

550    1 

5l90 

882 

3.  GO 

130 

1        4.40 

338 

5.20 

586    1 

1 

6.00 

932 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  discharge  measorp- 
ments  made  during  1903-1905.  It  is  'well  denned  between  gage  heights  3.7  feet  and  6  feet.  Below  3.5  ke\ 
the  table  is  uncertain. 

Estimated  monthly  discharge  of  Kachess  River  near  Easton^  Wash.,  for  1905. 
[Drainage  area,  63  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December. 

The  year. 


Dischaiige  in  second-feet. 


Maximum.   Minimum. 


310 
142 
516 
586 
766 
932 
297 
232 
284 
310 
258 
193 


44 

26 
167 
17 
37 
193 
68 
87 
130 
130 
154 
130 


932  , 


Mean. 


179 
98.9 
427 
320 
324 
451 
147 
146 
203 
257 
192 
161 


242 


I 


Run-off. 


Z^J^l     ^-^±^V^P»^>' 


11,010 
5,493 
26,260 
19,040 
19,920 
26,840 
9,03D 
8,977 
12,080 
15,800 
11,420 
9,900 


175,800 


per  square 


I 


incbf'ii. 


2.84  I 
1.57  ' 
6.78  I 
5.08  I 
5.14 
7.16  I 
2.33  I 
2.32  I 
3.22  I 
4.08 

ao6  \ 

2.56  I 


1.^ 

7.82 
&.67 
5.93 
7.99 
2.® 
2.68 
a59 
4.70 
3.4D 
2.9] 


3.84 


CLE  ALUM  RIVER  NEAR  ROSLYN,  M^ASH. 

This  station  was. established  October  10,  1903,  by  G.  H.  Bliss.  It  is  located  1,000  fwt 
below  the  outlet  of  Lake  Clealum.  It  is  2}  miles  northwest  of  Roslyn  and  6^  miles  north- 
west of  Clealum,  Wash. 

The  channel  is  straight  for  300  feet  above  and  900  feet  below  the  station.  The  current  is 
swift.  Both  banks  are  high,  not  liable  to  overflow,  and  heavily  timbered.  The  bed  of  the 
stream  is  composed  of  gravel  and  is  free  from  vegetation,  and  permanent. 

Disc'hiij'^i*  ip]('iwsurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  wire- 
Thi'  initm!  jMjJiJt  for  soundings  is  the  south  face  of  the  pine  tree,  18  inches  in  diameter,  to 
whidi  tb«.*  <'«hl(*  is  fastened  on  the  left  bank. 

The  ui  iginul  gage  was  an  inclined  rod  on  the  left  bank  20  feet  upstream  from  the  cable. 
It  wm  injun^l  l^y  flood,  and  August  28, 1905,  was  replaced  by  a  similar  gage  with  the  datum 
0.5fi  fix>t  hijfher.  All  gage  heights  for  1905  have  been  reduced  to  the  datum  of  the  old  gage. 
During  iWh  the  gage  was  read  once  each  day  by  Charles  M.  Davis  and  E.  F.  Dunkin.  The 
bench  mark  is  u  liirge  spike  driven  into  a  root  on  the  dowTistream  side  of  the  blazed  tree,  to 
which  the  cftlili"  k  fastened,  on  the  left  bank;  elevation,  17.40  feet  above  the  zero  of  the  gage. 
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Infonnation  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Descrtptlon:  100.  pp  384-385;  136,  pp  9^93. 
Diacbarge:  100.  p  385;  135,  p  03. 
Discharge,  monthly:  135,  p  05. 
Gage  heights:  100,  p  385;  135.  pp  93-94. 
Rating  Ubie:  135.  p  94. 

Discharge  measurements  ofClealum  River  jiear  Rodyrif  Wash.]  in  1905. 


Date. 


Hydrographer. 


W.J.Lightfoot. 


April  28. . . 

June  1 1 do 

July  20. ' do 

AugaBt28. W.C.Muldrow. 

September  19 do 

November  15 do. 


Width, 


Feet. 
134 
148 
125 
121 
75 
120 


Area  of 
section. 


Sfntare 
feet. 

1,009 

1,187 

748 

653 

127 

673 


Mean 
velocity. 

Oace 
height. 

Feet. 

Dis- 
chaige. 

Feet  per 
second. 

Second' 
feet. 

1.94 

4.85 

1,963 

2.68 

6.00 

3,182 

.88 

2.52 

650 

.62 

2.06 

408 

2.11 

1.62 

268 

.52 

2.13 

344 

Daily  gage 

height, 

in  feet,  ofClealum 

River  near  Rodyn, 

Wash., 

for  1906. 

Day. 

Jan. 

Feb. 

1.4 

1.35 

1.35 

1.4 

1.4 

1.35 

1.35 

1.4 

1.4 

1.36 

1.3 

1.3 

1.25 

1.2 

1.2 

1.15 

1.15 

1.1 

1.15 

1.2 

1.2 

1.2 

1.25 

1.35 

1.5 

1.8 

2.05 

2.25 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

2.0 

2.06 

2.05 

2.0 

1.05 

1.85 

1.8 

1.75 

1.7 

1.6 

1.5 

1.5 

1.45 

1.4 

1.5 

1.5 

1.55 

1.5 

1.45 

1.4 

1.4 

1.45 

1.4 

1.45 

1.4 

1.4 

1.45 

1.5 

1.5 

1.45 

1.4 

2.5 
2.8 

a4 

4.05 

4.4 

4.4 

4.25 

4.2 

4.25 

4.2 

4.3 

4.4 

4.4 

4.1 

ao 
a8 
a7 
ass 

4.0 
4.0 
4.0 

a95 
a9 
a  75 
a3 
ai 

2.9 
2.7 
2.6 
2.4 
2.3 

2.4 

2.3 

2.2 

1.85 

1.75 

1.7 

1.6 

1.55 

1.6 

1.7 

1.8 

2.2 

2.9 

ao 

ai 

a3 

a2 

ai 

a25 

a4 

as 

4.1 

4.6 

4.7 

6.6 

4.8 

5.65 

5.3 

4.7 

4.0 

a7- 

a6 

a5 

a5 

as 

4.1 
4.7 
5.3 
5.0 
4.8 
4.2 
4.1 
4.2 
4.4 
4.3 
4.3 
4.2 
4.1 

ao 
as 
a6 
ae 
a5 
a4 
a4 
as 

4.3 
4.9 
5.0 
5.4 

5.9 
5.9 
5.7 
5.9 
5.5 
6.1 
5.0 
5.0 
5.3 
5.5 
5.5 
5.3 
5.0 
4.7 
4.2 
4.1 
4.0 
4.0 
4.0 
4.0 
4.1 
4.1 
4.1 

ao 
a9 
as 
a7 

4.0 

as 
a65 


a6 

a6 

a6 

a5 

a4 

ass 

a25 

a  15 

ai 

ai 

ai 

ao 

2.9 

2.86 

2.7 

2.6 

2.6 

2.6 

2.6 

2.5 

2.5 

2.6 

2.6 

2.7 

2.6 

2.6 

2.6 

2.6 

2.6 

2.52 

2.45 

2.45 

2.4 

2.35 

2.3 

2.3 

2.2 

2.15 

2.15 

2.15 

2.1 

2.15 

2.1 

2.1 

2.06 

2.06 

2.0 

2.05 

2.3 

2.3 

2.25 

2.2 

2.1 

2.25 

2.2 

2.1 

2.0 

1.95 

1.9 

1.9 

1.85 

1.8 

1.8 

1.75 

1.70 

1.7 

1.65 

1.65 

1.66 

1.6 

1.65 

1.65 

1.65 

1.65 

1.6 

1.6 

1.65 

1.68 

1.73 

1.75 

1.78 

1.82 

1.86 

2.05 

2.15 

2.18 

2.18 

2.15 

2.18 

2.65 

4.45 

4.46 

4.5 

4.3 

4.0 

a65 

a44 

a2 
ao6 

2.85 

2.8 

2.75 

2.65 

2. 65 

2.55 

2.5 

2.45 

2.35 

2.3 

2.25 

2.3 

ass 

4.25 
4.05 
a6S 

a4 
ai 

2.9 

2.75 

2.65 

2.55 

2.5 

2.45 

2.36 

2.35 

2.3 

2.25 

2.2 

2.15 

2.15 

2.05 

2.05 

2.06 

2.00 

1.95 

1.95 

1.9 

2.05 

2.05 

2.0 

2.0 

1.95 

1.95 

2.05 

2.15 

2.15 

2.15 

2.15 

2.15 

2 

2.15 

3 

2.1 

4 

2.05 

5 

2.05 

6 

2.1 

7 

2.1 

8 

2.0 

9......  .  . 

1.95 

10 

1.95 

11 

1.9 

12 

1.85 

13 

1.85 

14 

1.8 

15 

16 

1.8 
1.75 

17 

18 

1.8 
1.8 

19 

1.75 

20 

1.75 

21 

1.75 

22 

23 

1.75 
1.7 

24 

1.7 

25 

1.7 

26 

1.75 

27 

1.85 

28 

1.8 

29 

30 

31 

1.8 
1.75 
1.75 

Note.— No  ice  reconi. 
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n  rating  i 

able  for  CUi 

dum  Rivt 

fr  near  Ro» 

lun,  W(uh 

.,  from  Oct* 

j6er  JO,  n 

)OS,toIketmher 

3U  1905. 

Gace 
height. 

Discharge. 

Gage 
height. 

Diacharge. 

Gaee 
hci^t. 

Discharge. 

Gaee 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1 

Feet. 

Second-feet. 

Feet. 

Second-feet} 

1.10 

140 

2.40 

530 

1       3.70 

1,130 

5.00 

2,100 

1.20 

165 

2.50 

565 

3.80 

1,185 

5.10 

■    2,190 

1.30 

190 

2.60 

605 

a90 

1,245 

5.20 

2,290 

1.40 

215    , 

2.70 

645 

4.00 

1,310 

i        5.30 

2,390    [ 

1.50 

240 

2.80 

685 

4.10 

1,380 

5.40 

2,4»0    ' 

1.60 

270    1 

2.90 

725 

4.20 

1,450 

5.50 

2.500 

1.70 

300 

3.00 

770 

4.30 

1,520 

1        5.60 

2,600 

1.80 

330 

3.10 

815 

4.40 

1,500 

1        5.70 

2.7W 

1.90 

360    1 

3.20 

865 

4.50 

1,670 

j        6.80 

2,890    1 

2.00 

390 

3.30 

915 

4.60 

1,750 

1        ^«> 
j        6.00 

! 

2.990 

2.10 

425 

a40 

965 

4.70 

1,830 

3,100 

2,20 

460 

a50 

1,020 

4.80 

1,920 

2.30 

495 

• 

3.60 

1,075 

,        4.90 

2,010 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  discharge  measare- 
ments  made  during  1903-1905.    It  is  well  defined. 

Estimated  nu)nlhly  discharge  ofClealum  River  near  Rodyn,  Wash.,  for  1905. 
[Drainage  area,  205  square  miles.] 


Month. 


Dischaige  in  second-feet. 


Mft^inum.   Hinimum.      Mean. 


Rnn-off. 


,  Second-feet 


Total  In 

acre-feet.     '^^^:'Z''  Depth  in 


January  « 

February* 

March 

April 

May 

June 

July 

August 

September  ^ . . . 

October 

November 

December. 

The  year. 


406 

478 

1,590 

2,740 

2,490 

2,990 

1,075 

548 

453 

1,670 

665 

442 


215 
140 
495 
255 
965 
1,102 
548 
330 
270 
442 
360 
300 


260 

211 

1,155 

1,012 

1,450 

1,841 

733 

438 

314 

887 

452 

352 


16,540 
11,720 
71,020 
60.220 
89,160 
100,600 
'45,070 
26,930 
18,680 
54,540 
26,900 
21,640 


1.31 
LOS 
5.63 
4.94 
7.07 
&98 
3.58 
2.14 
1.53 
4.33 
2.20 
1.72 


1.51 

i.o: 

6.49 

5.51 

a  15 
iaa2 

413 

in 
t» 

2.46 


2,990 


140 


760 


552,000  I 


3.70 


sac 


o  Estimates  unreliable  owing  to  probable  ice  conditions. 
t>  Missing  gage  heights  interpolated. 

Note.— Low-water  gage  heights  prior  to  August  28  are  uncertain. 

NACHES  RIVER  NEAR  NILE,  TV  ASH. 

This  station  was  established  June  23,  1904,  by  G.  F.  Harley.  It  is  located  1|  miles 
above  the  highway  bridge,  23  miles  northwest  of  North  Yakima,  and  8  miles  southeast 
of  Nile,  Wash.  The  station  is  If  miles  above  the  junction  of  Naches  and  Tieton  rivers. 
The  channel  is  straight  for  about  600  feet  above  and  300  feet  below  the  station.  The  nu^ 
rent  is  moderate  at  the  station  and  swift  above  and  below.  The  right  bank  is  low,  wooded, 
and  overflows  only  during  extreme  high  floods.  The  left  bank  is  high,  rocky,  clean,  and 
not  liable  to  overflow.    The  bed  of  the  stream  is  composed  of  clean  gravel  and  cobbles  uul 
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ts  permaiient.  There  is  one  channel  at  all  except  very  high  stage-s,  when  there  are  two. 
The  section  is  flat  and  shallow. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  and  tagged  wire.  The  cable 
has  a  span  of  216  feet.  The  initial  point  for  soundings  is  the  south  face  of  the  pine  on  the 
north'  bank  to  which  the  cable  is  fastened. 

An  inclined  staff  gage  is  fastened  to  timbers  buried  on  the  left  bank.  During  1905  the 
gage  was  read  once  each  day  by  W.  H.  Johnson.     Bench  marks  were  established  as  follows: 

(1)  A  point  on  the  ledge  25  feet  upstream  from  the  tree  supporting  the  cable  on  the  north 
bank,  marked  with  a  cross  and  "B.  M.;"  elevation,  9.85  feet  above  the  zero  of  the  gage. 

(2)  A  large  spike  in  the  base  of  a  30-inch  pine  tree,  115  feet  upstream  from  the  north  cable 
support;  elevation,  8.76  feet  above  the  zero  of  the  gage.  (3)  A  United  States  Geological 
Survey  standard  bronze  tablet  set  in  a  bowlder  700  feet  east  of  north  cable  support,  300 
feet  from  the  river,  marked  on  the  tablet  "1661;"  elevation,  1,660.824  feet  above  sea 
level  and  9.20  feet  above  the  zero  of  the  gage. 

A  description  of  this  station,  with  gage  heights,  discharge  data,  and  rating  table,  is  con- 
tained in  Water-Supply  Paper  No.  135,  United  States  Geological  Survey,  pages  95-97. 

Discharge  measurements  ofNaches  River  near  Nile,  Wash.,  in  1905. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Square 
feet. 

450 

228 

318 

259 

218 

Mean 
velocity. 

Feet  per 
second. 

4.76 

1.41 

2.90 

2.37 

2.07 

Gage     '      Dis- 
helgnt.  1  charge. 

Jmie  20 

W.J. 

W.  C. 

do 

do 

do 

LIghtfo 
Muldra 

►ot 

Feet. 
190 
140 

Feet. 
5.00 
3.50 
4.25 
4.00 
3.82 

St 

J 

cond- 

feet. 

2,141 

Septembers... 

w 

321 

October  11 

October  30 

November  20 . . 

190 
187 
142 

921 
615 
449 

Do 

niy  gage  heigJU,  in  feet,  ofNaches 

River  near  Nile,  Wash.,fo 

T1905. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

M... 

June. 

July.     Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

3.9 
4.0 
4.0 
4.0 
3.0 
3.9 
3.9 
3.8 
3.8 
3.6 
3.6 
3.7 
3.8 
3.8 
3.9 
4.0 
3.8 
3.8 
3.9 
3.8 
3.6 
3.6 
3.6 

3.6 
3.7 
3.6 
3.6 
3.7 
3.6 
3.7 
3.6 
3.7 
3.5 
3.5 
3.4 
3.4 
3.3. 
3.3 
3.4 
3.4 
3.5 
3.7 
3.7 
3.8 
3.7 
3.8 

4.4 

4.7 
6.1 
5.2 
5.3 
5.2 
5.2 
5.1 
5.3 
5.4 
5.4 
5.3 
5.1 
5.0 
4.9 
5.0 
5.1 
5.2 
5.1 
5.1 
5.0 
4.9 
4.9 

4.4 

4.3 
4.3 
4.3 
4.3 
4.4 
4.5 
4.5 
4.6 
4.5 
4.5 
4.6 
4.6 
4.6 
4.5 
4.6 
4.5 
4.6 
4.6 
4.8 
4.9 
4.9 
5.0 

4.9 

4.8 
4.8 
4.7 

4.6, 
4.7  1 

.5.6 
5.5 
5.9 
6.1 
6.8 
6.6 

4.8  j      4.0 
4.7        3.9 
4.7        3.9 
4.6        3.9 
4.6        3.8 
4.5  !      3.8 

3.6 
3.6 
3.6 
3.6 
3.6 
3.6  1 

3.6 
3.7 
3.8 
4.3 
4.3 
4.7 
4.8 
4.6 
4.4 
4.3 
4.2 
4.2 
4.1 

3.9 
3.9 
3.9 
3.9 
4.0 
3.9 
3.8 
3.8 
3.8 
3.8 
3.8 
3.7 
3.7 

3.75 

2 

3.7 

3.... 

3.7 

4 

6 

e 

3.7 
3.7 
3.76 

7 

4.8  1      5.5 

5.0  1      5.4 
5.3  I      5.5 

5.1  1      5.6 

4.9  .5.5 
4.8  j      5.5 
4.8  1      5.4 

4.6         3.8  :      3.5  1 

3.8 

8 

9... 

4.4 

4.4 
4.4 
4.3 
4.2 
4.2 

3.8 
3.8 
3.8 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.8 
3.8 
3.7 
3.7 

3.5  1 
3.5  1 
3.5  1 

3.5  1 
3.5, 
3.6 

3.6  ^ 
3.6 
3.5 
3.5 
3.6 
3.6 

3.8 
3.7 

10 

11 

3.7 
3.65 

12 

3.8 

13 

3.75 

14 

1       " 
4.9  1      5.2  1      4.1 

4.9  1      5.1  1      4.1 

4.9  i      5.0  ,      4.1 

5.0  1      4.9  ,      4.0 

4.9  1      4.9         4.0 

4.9  •      4.8         3.9 

4.8  '       4.8         3.9 

4.7  1      4.8         4.0 

4.7  1      4.9  '      3.9 

4.6  ;      4.8  1      4.0 

4.1       3.7 
4.1       3.7 
4.0       3.7 
4.0  1    3.7 
4.0  1    3.7 
3.9  1    3.8 
3.9  1    3.9 
3.9  1    3.85 
3.9  1    3.8 
3.9  I    3.8 

3.9 

15 

3.85 

16 

3.8 

17 

3.75 

18 

W 

20 

3.8 
3.7 
3.8 

21 

22 

23 

3.7  i      3.6 
3.7  j      3.6 
3.7  1      3.5  , 

3.7 
3.7 
3.6 
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Daily  gage  height,  in  feet ,  of  N  aches  River  riear  Nile,  Wash.  ^  for  1906 — Continued. 


Day. 

Jan. 

3.7 
3.6  ' 
3.6  ' 

3.6  ' 
3.8 
3.8  ' 

3.7  ' 
3.6 

Feb. 
3.8 

4.2 
....... 

Mar.; 

4.8 
4.8  1 
4.7  f 
4.6  1 
4.6  1 
4.5  1 

^•^  ! 

4.4  1 

Apr. 

5.3 
5.6 
5.7 
5.6 
5.4 
5.2 
5.0 

May. 

June. 

July. 

Aug. 

Sept. 

Oct.     Nov. 

Dec 

24 

4.6 
4.6 
4.5 
4.7 
4.9 
5.0 
5.1 
5.3 

4.7 
4.9 
6.0 

4.8 
4.7 



4.0 
4.0 
3.9 
3.9 
4.0 
3.9 
3.9 
3.9 

3.6 
3.6 
3.6 
3.6 
3.7 
3.7 
3.7 
3.6 

3.5 
3.5 
36 
3.7 
3.7 
3.7 
3.7 

3.9  '    3.8 

4.1  ]    3.75 

4.2  3,8 
4.2       3.85 
4.1  '    3.8 
4.1  j    3.8 
4.0       3.8 
4.0    

1 

3« 

25 

%% 

26 

as 

27       . 

17 

28 

3  8 

29 

.Z,V> 

30 

ST 

31 

3.8 

Note. — No  Ice  record. 


Station  rating  table  for  N aches  River  near  Nile,  Wash. ,  from  January  1  to  December  J7, 19(^. 


Gaee 
height. 

Discharge. 

Gage 
height. 

Feet. 

Second-feet. 

Feet. 

3.20 

160 

4.00 

3.30 

196 

1        4.10 

3.40 

235 

4.20 

3.60 

280 

4.30 

3.00 

330 

4.40 

3.70 

390 

4.60 

3.80 

460 

4.60 

3.90 

540 

4.70 

DUcharge.  ,  ^«^, 


Second-feet 

630 

730 

840 

960 

1,090 

1,230 

1,380 

1.630 


Feet. 
4.80 
4.90 
5.00 
6.10 
5.20 
6.30 
5.40 
5.50 


Discharge. , 

I  li' 

Second-feet.W 

I  1,690    {I 

1,850 

2,020 

2,190 

2,370 

2,550 

2,740 

2,930 


Gage 
height. 

Feet. 
5.60 
5.70 
6.80 
5.90 
6.00 
6.10 
6.20 


Discharge. 

\Seeond-feet, 
3.130    I 
3,350 
3,570    I 
3,810    I 
4,050 
4,310 
4.570 


The  above  table  is  applicable  onlv  for  open-channel  conditions.    It  is  based  on  discbaige  measure- 
ments made  during  1904-5.    It  Is  fairly  wen  defined  between  gage  heights  3.8  feet  and  6  feet. 

Estimated  monthly  discharge  of  N aches  River  near  Nile,  Wash.,  for  1905. 


Month. 


Discharge  In  second-feet.  „  ^  , . 

I Totalin 

I  Maximum.   Minimum,  i    Mean.    ,  acre-'«^ 


January ' 

February ' 

March ' 

April : ' 

May I 

June ' 

July ' 

August 

September 

October 

November 

December 

The  year 


630 

840 

2,740 

3,350 

2,650 

4,310 

1,690 

630 

390 

1,090 

630 

540 


330 

195  ! 

1.090  ' 

960  i 

1,230  ' 

1,530  I 

640 

330 

280  ' 

330  < 

390 

330  ' 


453 

385 

1,970 

1,659 

1,770 

2,398 

865 

421 

318 

770 

467 

422 


4,310 


196  I 


992  , 


27.850 
21,  S» 
121,100 
98.730 
108,800 
142,700 
53, 1» 
25.890 
18.9-1) 
47.350 
27,?* 
25, 950 


719.800 


NACHES   RIVER  BELOW  MOUTH  OF  TIETON  RIVER,   WASHINGTON. 

This  station  was  established  August  4,  1905,  for  low-water  observations.  It  was  dis- 
continued October  28,  1905.  It  is  located  about  500  feet  below  the  mouth  of  Tieton  River 
and  1,500  feet  above  the  intake  of  Wapatox  canal,  near  North  Yakima,  Wash. 


Digitized  byVjOOQlC 


YAKIMA   RIVER    DRAINAGE   BASIN. 


85 


The  channel  is  straight  for  500  feet  above  and  below  the  station.  The  current  is  swift. 
Both  banks  are  low  and  liable  to  overflow.  The  right  bank  is  clean;  the  left  wooded.  The 
bed  of  the  stream  is  composed  of  gravel  and  is  i>ermanent.  There  is  but  one  channel  at 
all  stages. 

Discharge  measurements  are  made  by  means  of  a  meter  suspended  from  a  light  cable 
and  operated  from  the  bank.  The  initial  point  for  soundings  is  a  nail  in  the  stump  on  the 
left  bank  to  which  the  cable  is  fastened. 

A  vertical  staff  gage  is  spiked  to  a  stump  on  the  left  bank.  During  1905  the  gage  was 
read  once  each  day  by  F.  M.  Johnson.  The  bench  mark  is  a  spike  in  the  root  of  a  stump 
40  feet  north  of  the  initial  point  for  sound'mgs;  elevation,  T..*^  feet  above  the  datum  of 
the  gage. 

Discharge  measuremenUt  of  Naches  River  below  mouth  of  Tieton  River ^  Washington^  in  1905. 


Date. 

Hydrographer. 

August  4 

W.J.  Lightfoot 

Septembers..^ 

W.  C.  Muldrow 

October  11 

do :.. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Feet. 

Square 
feet. 

Feet  per 
second. 

116 

361 

2.13 

104 

313 

1.37 

110 

433 

2.45 

Gage 
height. 

Dis- 
charge. 

Feel. 

Second- 
feet. 

3.3 

760 

2.8 

431 

as 

1.061 

Daily  gage  height,  in  feet,  of  Naches  River  below  mouth  of  Tieton  River,  Washington,  for  1905. 
Day. 


2.. 
3.. 
4.. 
5.. 
«.. 
7.. 
8.. 
9.. 
10.. 
11.. 


Aug. 


Sept.  I  Oct. 


Day.    j  Aug.  I  Sept.  Oct. 


2.7   2.8   12. 


as 
as 
as 
as 
as 
as 
as 
as 


2.7, 
2.8 

2.8  I 

2.9 

2.8 

2.8  I 
2.8 
2.8  I 
2.8 
2.9 


2.8 

as 

4.8 
4.7 
4.7 
4.7 
4.4 
4.1 

as 
as 


as 
as 
a2 
as 

2.9 

a2 
a2 
as 
as 
as 


2.8 

ao 

2.9 
2.8 
2.7 
2.8 
2.7 
2.8 
2.8 
2.9 


a7 
a? 
ao 
as 
as 
a4 
a4 
a4 
a2 
a2 


Day. 

Aug. 

ai 
ao^ 
ao 
ao 

2.9 
2.9 

ao 

2.9 
2.9 
2.8 

Sept. 

ao 
ao 

2.9 
2.8 
2.9 

ai 
ao 

2.9 
2.8 

22 

23 

24 

25 

26 

27 

28 

29 

3D 

31 

Oct. 

ai 
ai 
ai 

4.9 

a9 
a? 
a6 


Station  rating  taMe  for  Naches  Riv^r  below  mouth  of  Tieton  River,  Washington,  from  August  4 

to  October  28,  1905. 


Gage 
height. 

Discharge. 
Second-feet. 

'  height. 

Discharge. 

height. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

Feet. 

Feet. 

Second-feet. 

'     Feet. 

Second-feet. 

2.50 

300 

a20 

655 

a90 

1,165 

'        4.50 

1,670 

2.60 

340 

aso 

720 

4.00 

1,245 

4.60 

1,760 

2.70 

385 

'      a4o 

790 

4.10 

1,325 

1        4.70 

1,850 

2.80 

435 

1      a5o 

860 

4.20 

1,410 

,        4.80 

1,940 

2.90 

485 

a  60 

935 

4.30 

1,495 

1        4.90 

2,035 

aoo 

.  640 

a  70 

1,010 

1        4.40 

1,580 

1        5.00 

2,130 

a  10 

595 

aso 

1 

1,085 

1 

The  above  table  Is  applicable  only  for  open-channel  conditions. 
QTements  made  during  1905.    It  is  not  well  defined. 


It  is  based  on  three  discharge  meas- 
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Estimated  monthly  discharge  of  N aches  River  below  mouth  of  TieUm  River ,  Waskmgton, 

for  1905. 


Month. 


Discharge  in  second-feet. 


Maximum.    Minimum.      Mean, 


August  4-31 1,085 

September 505 

October  1-28 1  2,035 

I 


435 
385 
435 


ToUlin 
aci«4eet. 


Q08  I  33,779 

459  27.  ao 

1.061  ;  58,270 


NACHES  RIVER  NEAR  NORTH  YAKIMA,  M^ASH. 

Naches  River  has  its  source  in  the  Cascade  Mountains,  Yakima  County,  Wash.,  and  flows 
southeastward,  entering  Yakima  River  a  short  distance  above  North  Yakima.  Its  prioci- 
pal  tributaries  are  Tieton  River,  Cowiche,  Rattlesnake,  and  Nile  creeks,  and  Bumpb^ 
River.  The  flow  of  the  latter  has  already  been  increased  by  American  River  when  it  joins 
the  Naches.  Below  the  Tieton,  almost  to  the  point  where  it  enters  the  Yakima,  the 
Naches  flows  over  flat  bars  of  gravel  in  numerous,  crooked,  and  constantly  changing  chaih 
nels.    These  gravel  bars  are  in  some  instances  one-half  mile  in  width. 

Naches  River  is  important,  because  of  its  fapid  fall  and  the  ease  with  which  it  can  be 
used  for  irrigation  purposes.  Naches  Valley,  through  which  it  flows,  is  already  extengivelj 
irrigated  from  it.  It  is  also  the  source  of  domestic  water  supply  for  the  town  of  North 
Yakima  and  of  water  supply  and  power  for  the  Northwestern  Light  and  Water  Companj. 

The  original  station  on  Naches  River  was  established  August  14,  1893,  by  F.  H.  NeweD, 
at  a  [>oint  a  few  hundred  yards  above  the  mouth  of  the  river,  near  the  bridge  of  the  Nortbeni 
Pacific  Railway. 

The  flood  of  November,  1896,  modified  the  channel  very  greatly.  On  account  of  the 
instability  of  the  channel  the  station  was  abandoned  in  February,  1897,  though  a  number 
of  discharge  measurements  were  made  during  the  season. 

May  19,  1897,  a  station  was  established  on  Yakima  River  5  miles  above  the  mouth  (rf 
the  Naches,  at  the  Northern  Pacific  Railway  bridge  near  Selah,  Wash.,  with  the  idea  that 
the  difference  in  discharge  between  this  station  and  the  one  at  Union  Gap  would  gire 
approximately  the  discharge  of  Naches  River.  Two  ditches,  located  in  Moxee  VallcT, 
took  water  out  of  the  river  between  these  two  points,  but  their  combined  flow  was  about 
counterbalanced  by  that  received  from  Atanum  Creek  and  the  Wide  Hollow  wastage  at 
Old  Town. 

The  station  on  Naches  River  was  reestablished  February  1,  1898,  and  the  station  at 
Selah,  on  Yakima  River,  was  discontinued.  Since  the  reestablishment  of  the  Naches  sta- 
tion the  river  channel  has  been  in  a  condition  more  favorable  for  meter  observations  than 
formerly.  September  21,  1903,  the  station  was  moved  to  a  location  between  the  raikoad 
and  highway  bridge. 

The  channel  is  straight  for  100  feet  above  and  for  75  feet  below  the  cable.  The  current 
is  swift.  Both  banks  are  low  and  covered  with  gravel.  At  flood  stages  the  rock-filled 
crib  will  prevent  overflow  on  both  banks.  The  bed  of  the  stream  is  composed  of  gravel, 
is  free  from  vegetation,  and  is  somewhat  shifting. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  a  stay  wire, 
180  fe^t  above  the  Northern  Pacific  Railway  bridge  and  170  feet  below  the  highway  bridge, 
at  which  discharge  measurements  were  formerly  made.  The  cable  has  a  total  span  of  280 
feet.  The  initial  point  for  soundings  is  the  south  face  of  the  cottonwood  tree  on  the  north 
bank,  to  which  the  cable  is  fastened. 

The  present  gage,  known  as  No.  5,  is  on  the  left  bank  of  the  river,  30  feet  downstream 
from  the  railroad  bridge.  The  lower  section  of  the  rod  is  inclined  at  an  angle  of  36°  StK 
with  the  horizontal.    The  upper  section   is  inclined  at  an  angle  of  80°  with  the  horizontal. 
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During  1905  gage  heights  were  observed  once  each  day  by  Patrick  Gallagher.  This  gage 
is  referred  to  bench  marks  as  follows:  (1)  A  United  States  Geological  Survey  copper  plug 
markexl  "1090  T;"  elevation,  1,089.96  feet  above  sea  level  and  19.74  feet  above  the  zero 
of  the  gage.  It  is  located  in  the  center  of  the  west  end  of  the  most  southerly  stone  pier  of 
the  railroad  bridge.  The  elevation  of  the  zero  of  the  gage  is  1,070.034  feet  above  sea  level. 
(2)  A  cross  in  the  top  of  the  center  of  the  downstream  end  of  the  railroad-bridge  pier  on 
the  right  bank.  Its  elevation  above  the  zero  of  the  gage  is  19.94  feet  and  above  sea 
level  is  1,089.98  feet.  (3)  A  railroad  spike  driven  into  the  south  side  of  the  telegraph  pole 
23  feet  north  of  the  gage  and  21  feet  east  of  the  railroad  track.  Its  elevation  b  17.81 
feet  above  the  zero  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  of  the 
United  States  Geological  Survey  (Ann= Annual  Report;  Bull= Bulletin;  WS=Water- 
Supply  Paper): 

DeacrlpUon:  Ann  14,  U,  p  133;  18,  iv,  p  365;  Bull  131,  pp  73-74;  140,  pp  244-245;  WS  16,  p  174;  28,  p  158; 
38,  pp  372-373;  51,  p  440;  66,  p  133;  85,  pp  191-192;  100,  pp  379-380;  135,  p  98. 

Discharge:  Ann  14,  U,  p  133;  18,  iv,  p  355;  Bull  131,  pp  74,  90;  140,  p  245;  WS  16,  p  174;  38,  p  373;  51,  p 
440;  66,  p  134;  85,  p  192;  100,  p  380;  135,  p  101. 

Discharge,  monthly:  Ann  18,  iv,  p  356;  20,  iv,  pp  499, 503;  21,  iv,  p  426;  22,  iv,  p  445;  WS  75,  p  202;  85, 
p  194;  100,  p  382;  135,  p  102. 

Discharge,  yearly:  Ann  20,  iv,  p  62. 

Gage  heights:  BuU  131,  p  74;  140,  p  245;  WS  11,  p  84;  16,  p  174;  28,  p  164;  38,  p  373;  51,  p  440;  66,  p  134; 
85,  p  168;  100,  p  381;  135,  p  101. 

Hydrographs:  Ann  20,  iv,  p  503;  21,  iv,  p  426;  22,  iv,  p  446. 

Rainfall  and  run-off  relation:  Ann  20,  iv,  p  500. 

Rating  tables:  Ann  18,  iv,  p  356;  WS  39,  p  454;  52,  p  522;  66,  p  177;  85,  p  193;  100,  p  381;  135,  p  102. 

Discharge  measuremenia  ofNaehes  River  near  North  Yakima,  Wash.,  in  1906. 


Date. 

Hydrographer. 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

September  8 . . . 

W.  C.  Muldrow 

Feet. 
112 
130 
121 
121 

SqtMre 
feet. 
Ill 
194 
255 
241 

Feet  per 
second. 

a90 

1.37 

2.06 

1.47 

Feet. 
3.60 
4.12 

Second- 
feet. 

99 

September  23  . 

do 

%A 

November  3 

do 

4.70  1             522 

November  17 . . 

do 

4.32  '             .•«.•» 

DaHy  gage  height^  in  feet,  of  N aches  River  near  North  Yakima,  Wash.,  for  1905. 


Day. 


Jan.  I  Feb.     Mar.     Apr.     May.    June.  I  July.     Aug.     Sept.     Oct.     Nov.     Dec. 


1 

2 

5.2 

3 

5.2 

4 

5.2 

5 

5.1 

6 

5.1 

7 

5.0 

8 

9 

49 

10 

4.8 

11 

4.7 

12 

4.7 

13 

4.6 

14 

4.6 

15 

16 

4.8 

17 

4,8 

18 

4.7 

19 

4.7 

4.6 
4.6 
4.6 
4.6 


5.8 
6.2 
6.8 
6.8 


5.6 


4.6 

4.6  I 
4.6 
4.6  j 
4.6  I 
4.6  I 


6.8 
6.8 
6.8 
6.8 
6.9 
6.9 


4.5 
4.5  I 
4.5  I 
4.4 
4.4 
4.4 


6.8 
6.7 
6.5 
6.5 
6.5 


5.0 
5.0 
5.0 
5.6 
5.6 
5.7 


6.2 
6.1 
6.0 
5.8 
6.8 
5.8 


5.7 
5.7 
5.7 
5.7 
5.7 
5.7 

6.6 
5.6 
5.6 


6.2 
6.3 
6.4 
6.2 
6.1 
6.0 

6.2 
6.2 
6.2 
6.2 
6.1 


6.9 
6.9 

7.1 


6.3 


7.5  I 
7.2  I 
7.1 

7.0  I 

7.1  ' 

7.2  I 


7.2 
7.0 
6.8 
6.7 
6.6 

6.3 


6.1 
6.0 
5.8 
5.7 
5.6 
5.6 
5.6 
5.6 
5.5 
5.4 
5.3 
5.1 
5.0 
5.0 
5.0 
4.9 
4.9 


4.6 

4.5 

4.6 

4.7 

4.5 

4.45 

4.4 

4.3 

4.3 

4.2 

4.2 

4.2 

4.1 

4.0 

4.0 

4.0 

3.9 

3.9 

4.4 


3.5 
3.5 
3.6 

3.6 
3.6 
3.7 

3.6 
3.6 
3.6  I 
3.6  I 
3.6  I 
3.7 
3.8 
4.0  I 
3.9    . 
3.8  . 
I 

3.8  I 
3.8  j 


Oct. 

Nov. 

Dec. 

4.8 

4.4 

4.1 

4.8 

4.4 

4.8 

4.7 

5.1 

4.7 

4.4 

5.2 

4.4 

5.6 

4.7 

4.4 

6.1 

4.7 

4.4 

4.6 

4.4 

5.6  I 

5.4  I 
5.3 
5.2  ■. 
5.1  I 
5.0  I 

■4."9'l 
4.9, 
4.1 


4.6 
4.5  ' 
4.5' 


4.5 

4.4 

4.4 

4.4 

4.3'. 

4.3  I 


4.1 
4.1 
4.1 
4.6 
4.3 
4.3 

4.3 


3.8  I      4.8U. 1      |4.4 
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Daily  gage  height,  in  feet,  ofNaches  River  near  North  Yakima,  Wash.,fjr  1905 — CoDtiniied 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

6.1 

6.05 

6.0 

6.9 

5.8 

5.7 

5.7 

5.8 

6.1 
6.4 
6.7 

June. 

6.3 
6.3 
6.3 
6.2 
6.2 

6.2 
6.2 
6.5 
6.3 
6.3 

July. 

4.9 

4.9 

5.0 

5.0 

5.0 

4.9 

4.8 

4.7 

4.7 

4.7 

4.65 

4.6 

Aug. 

Sept. 

3.8 
4.0 
4.1 
4.1 

4.1 
4.1 
4.4 
4.3 
4.2 
4.0 



Oct.   1 

1 

Nov. 

4.5 
4.5 
4.4 
4.4 
4.4 
4.4 

4.4 
4.4 
4.4 
4.4 

D«- 

20 

4.6 
4.6 

4.6 
4.6 
4.6 

4.8 
5.0 
5.1 

6.5 
6.5 
6.4 
6.3 
6.3 
6.2 

5.7 
5.9 
6.0 

6.4 
6.8 
7.0 
6.9 
6.7 
6.5 

4.1 
3.9 
3.9 
3.8 
3.7 
3.7 

3.6 
3.6 
3.6 
3.5 

4.7  1 
4.6 
5.0  1 
5.3  1 
5.2 
5.1 

4.9 
4.8 

21 

22 

23 

4.6 
4.6 
4.6 
4.6 
4.6 
4.6 

24.. 

25 

28 

27 

5.5 
5.6 

6.1 
6.0 
5.9 
5.8 
5.7 

28 

29 

30 

4.6 
4.6 

31 

Station  rating  table  for  N aches  River  near  North  Yakima,  Wash.,  from  January  1  to  Deeemkr 

31,1906. 


Gace 
height. 


Feet. 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 


Discharge. 


Second- feet. 
100 
118 
139 
163 
190 
220 
254 
292 
334 
380 
428 


&t.    DUcharg..;    ."X. 


Feet. 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 


Second-feet. 
478 
530 
584 
640 
698 
758 
820 
884 
952 
1,024 


Feet. 
5.60 
5.70 
5.80 
5.90 
6.00 
6.10 
6.20 
6.30 
6.40 
6.50 


Discharge.     j,^*f^    ,  Discharge, 


The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  discharge  measure 
ments  made  during  1904  and  1906.  It  is  well  defined.  Above  gage  height,  5.6  feet,  the  table  Is  the 
same  as  for  1904. 

Estimated  monthly  discharge  ofNaches  River  juar  North  Yakima,  Wash.,  for  1905. 

[Drainage  area,  1,000  square  miles.] 


Month. 


Janimiry 

Felirunry. 

March.  ,**, 

April .., 

May 

June... 

July,...., 

AUglJat 

Bsptember. 

Octat)er„**.,. 

Novemlier. 

Decemtwr 

The  y*mt 


Discharge  In  second-feet. 


I 


Maximum. 


1.098 
2^.^J5 
2,ft48 

3,. 173 
1,762 

478 


2,fl48 


Minimum. 


478 
3i0 

1,174 

1,174 
1^645 

m 
ifn 

337 
^S4 
2M 


300 


Mean. 


Total  in 
acre-feet. 


577 

537 

l,fl77 

i,5l8 
2,37ti 


1B4 
730 


350 


12l,fi00 

&3,340 
135,400 

m,4aQ 

10.QS0 
44^800 
25,710 

2l,fi3D 


ft7i,(ino 


Run-off. 
Seoond-feet  p^  jbin 


0.577 
.«J7  I 

LOS 

L3?    I 

1.33 

2.2i    I 
,8SS  I 

.184 
.730 
.432 
,390 


0.^ 

IS 

ITS 
1.14 

.»■ 

m 


.P3i  I 


119 


NoTi'— Dlachaigo  Interpolated  for  missing  gage  heights. 
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TTETON   RIVER  NEAR  NORTH  YAKIMA,  WASH, 

The  gaging  station  on  this  stream  was  established  April  14,  1902,  at  a  point  immediately 
below  the  mouth  of  Oak  Creek,  in  sec.  3,  T.  14  N.,  R.  16  £.  of  the  Willamette  meridian, 
about  22  miles  from  North  Yakima  by  road. 

The  channel  is  straight  for  several  hundred  yards  above  and  below  the  station.  The 
banks  do  not  overflow.  The  bed  of  the  stream  is  rocky,  with  shifting  gravel  bars,  which 
make  it  difficult  to  find  suitable  cross  sections  for  meter  measurements.  There  is  but  one 
channel  at  all  stages.  The  undergroimd  flow  at  this  station  is  estimated  to  be  as  much  as 
tlO  per  cent  of  the  measured  flow.  *" 

Discharge  measurements  are  made  by  means  of  a  cable,  CAr,  tagged  wire,  and  stay  wire. 
The  mitial  point  for  soundings  is  a  cross  chiseled  in  a  ledge,  with  a  black  ring  painted 
around  it,  near  the  west  cable  supports. 

The  gage  is  an  inclined  staff  on  the  left  bank  of  the  stream.  During  1905  it  was  read 
twice  each  day  by  Oscar  Cobb.  Bench  marks  were  established  as  follows:  (1)  A  point  of 
rock  on  a  ledge  12  feet  from  the  gage;  elevation,  15.67  feet.  (2)  A  nail  in  a  cottonwood 
stump  40  feet  south  of  the  gage;  elevation,  15.93  feet.  (3)  The  top  of  a  bowlder  20  feet 
Dorthwest  of  the  cable-shear  legs;  elevation,  17.52  feet.  Elevations  refer  to  the  datum  of 
the  gage,  which  is  1,683.36  feet  above  sea  level. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  85,  p  194;  100,  p  382;  135,  p  103. 

Discharge:  85,  p  195;  100,  p  383;  135,  p  103.  ,     . 

Discharge,  monthly:  85,  p  196;  100,  p  384;  135,  p  105.  -  - 

Gage  heights:  85,  p  195;  135,  p  104. 

Rating  Uble:  85,  p  196;  100,  p  384;  135,  p  104. 

Discharge  measurements  ofTieton  River  near  North  Yakimaf  Wash.^  in  1906. 


Date. 


April  21 

June  20 

September  6... 

October  31 

November  20 . . 


Hydrographer. 


W.J.Lightfoot. 

do 

W.C.Muldrow.. 

do 

W.C.  Sawyer... 


Width. 


Feet. 
Ill 
113 
109 
98 
98 


Area  of 


section,    velocity,    height,     charge. 


Square- 
feet. 

178 

230 

126 

115 

110 


Mean 


Feet  per 
second. 

3.4 

4.72 

2.74 

2.09 

2.16 


Feet. 
7.90 
8.35 
7.20 
6.75 
6.80 


Dis- 


Second- 
feet. 

605 

1,086 

325 

241 

249 


Daily  gage  heigfU,  in  feet  t  ofTieton  River  near  North  Yahima,  Wash.,  for  1906. 
Day. 


2.. 
3.. 
4.. 

5.. 

ft.. 

7.. 

8.. 

».. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 


7.42 

7.35 

7.42 

7.38 

7.28 

7.15 

7.2 

7.1 

6.95 

6.85 

6.72 

6.7 

6.92 

7.02 

7.12 

7.08 

IBM  178—06- 


6.85 

6.8 

6.82 

6.8 

6.88 

6.88 

6.85 

6.8 

6.8 

6.78 

6.48 

6.48 

6.7 

6.8 

6.78 

6.75 


8.05 

8.6 

8.8 

8.8 

8.78 

8.72 

8.62 

8.6 

8.65 

8.7 

8.68 

8.52 

&38 

8.32 

8.28 

8.3 


7.62 

7.62 

7.6 

7.6 

7.62 

7.7 

7.72 

7.75 

7.72 

7.68 

7.66 

7.7 

7.8 

7.72 

7.7 

7.7 


8.02 

7.92 

7.95 

7.88 

7.8 

7.9 

8.02 

8.35 

8.35 

8.2 

&08 

8.02 

8.02 

8.12 

8.12 

8.2 


June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

8.95 

8.25 

7.62 

6.85 

6.78 

6.85 

6.58 

9.1 

8.2 

7.6 

6.98 

7.2 

6.85 

6.65 

9.8 

8.12 

7.6 

7.08 

7.9 

6.85 

6.62 

9.25 

8.07 

7.5 

7.12 

7.92 

6.85 

6.62 

a92 

8.07 

7.42 

7.12 

8.4 

6.8 

6.62 

8.75 

8.0 

7.4 

7.1 

8.32 

6.78 

6.6 

8.68 

7.95 

7.55 

7.1 

8.0 

6.75 

6.64 

8.75 

7.95 

7.58 

7.12 

7.67 

6.7 

6.6 

9.05 

&12 

7.62 

7.1 

7.45 

6.7 

6.58 

9.0 

8.18 

7.58 

7.1 

7.27 

6.7 

6.58 

8.98 

7.98 

7.55 

7.1 

7.2 

6.7 

6.55 

8.95 

7.85 

7.55 

7.15 

7.2 

6.58 

6.6 

8.7 

7.75 

7.48 

7.3 

7.07 

6.58 

6.6 

8.58 

7.65 

7.35 

7.12 

7.0 

6.55 

6.6 

8.63 

7.65 

7.22 

7.1 

7.03 

6.4 

6.58 

8.45 

7.6 

7.2 

6.95 

6.92 

6.7 

Lif. 
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Daily  gage  height,  in  feet,  of  Tieton  River  near  North  Yakima,  Wash.,  for  /9f>5— Oontinwd. 


Duy. 


1 


Jan. 


17 7.05 

18 1  7.0 

19 i  6.95 

20 6.9 

21 '  6.9 

22 i  6.9 

23 i  6.88 

24 1  6.9 

25 ^  6.92 

26 '  6.9 

27 [  6.92 

28 1  7.02 

29 1  6.92 

30 ,  6.85 

31 6.88 


• 
Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

6.78 

8.45 

7.68 

8.3 

a35 

1 
7.65 

6.85 

8.48 

7.7 

8.18 

a35 

7.58 

6.88 

8.42 

7.78 

8.08 

a35 

7.65 

6.9 

&38 

7.88 

8.08 

a35 

7.75 

6.88 

8.28 

7.9 

7.98 

a35 

7.86 

6.92 

8.18 

8.0 

7.92 

a36 

7.95 

7.1 

8.1 

8.18 

7.88 

a  22 

ao6 

7.15 

ao8 

a48 

7.78 

a23 

7.85 

7.55 

8.02 

a  78 

7.78 

a2 

7.7 

7.65 

7.98 

8.88 

7.8 

a  15 

7.65 

7.(i8 

7.92 

8.62 

8.12 

a3 

7.73 

7.78 

7.85 

8.4 

8.25 

a  17 

7.7 

7.78 

a25 

a4 

ao5 

7.62 

7.68 

8.15 

8.5 

a  12 

7.62 

7.65 

8,78 

7.6 

Oct.     Nov.     Dec 


7.55  I 

7.4 

7.45  i 

7.«| 

7.32 

7.28 

7.2 

7.12 

7.16 

7.1 

7.1 

7.2 

7.02 

7.05 


6.98 

6.8 

6.9 


6.9 

6.85 

6.87 


7.25 

6-8 

7.25 

6.8 

7.32 

6.8 

7.3 

6.8 

7.25 

6.85 

7.06 

7.96 

7.32 

7.38 

7.1 

7.18 

6.92 

7.0 

6.82 

6.08 

6.82 

6.88 

6.85 

6.62 

6.9 

6.8 

6.85 

6.7 

6.7 

6.7 

6.75 

6.65 

6.65 

6.65 

6.65 

6.6 

6.65 


6.65 

&tj 

6.3$ 
6.3S 

6.e 

6.6$ 

6.7 
6.«5 

6.38 

&5& 


Station  rating  table  for  Tieton  River  near  North  Yakima,  Wash.,  from  January  1  to  Deeemkr 

31.  1906. 


Cage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feel. 

Second-feel. 

Feet. 

Second-feet. 

6.30 

195 

7.20 

335 

6.40 

202 

7.30 

365 

6.50 

210    1 

7.40 

400 

6.60 

220 

7.50 

440 

6.70 

233 

7.60 

480 

6.80 

249 

7.70 

525 

6.90 

267    1 

7.80 

575 

7.00 

287    i 

7.90 

630 

7.10 

310 

aoo 

690 

Gage 
height. 


Feel. 
a  10 
a20 

a30 
a4o 
a50 
a60 
a70 
aso 
a9o 


Discharge.!   ^^*f^      Discharge. 


Second-feet. 

Feet. 

755 

9.00 

830 

9.10 

920    1 

9.20 

1,020 

9.30 

1,130    ' 

9.40 

1,250    1 

9.50 

1,380 

9.60 

1,610 

9.70 

1,650 

9.80 

Second-feet. 
1,790 
1,940 
2,090    I 
2,240    I 
2,390    I 
2,540 
2,700.1 
2,860 
3,020 


The  above  tal)le  is  applicablo  only  for  open-channel  conditions.  It  is  based  on  discharge  raeasun^ 
inents  made  during  1904  and  1905.  It  is  well  defined  l^etween  gage  heights  6.7  feet  a.:d  7.3  feet.  Above 
gage  height,  8  feet,  the  table  is  uncertain. 

Estimated  monthly  discharge  of  Tieton  Rit^er  near  North  Yakima,  W<ish.,for  1905. 

[Drainage  area,  280  .square  miles.] 

Discharge  in  second-feet.  I  Run-oflf. 


Month. 


January 

February.., 

March 

April 

May 

June 

July 

.\ugust 

Septcml)er. 

OctoI»er 

Noveml)er. 
Decemlwr.. 


Maximum.!  Minimum.      Mean. 


Total  in 
acre-feet. 


The  year. 


408 

565 

1,510 

1,622 

1,484 

3,020 

875 

489 

3?2 

1,020 

267 

233 

3.020 


Second-feet 

per  square 

mile. 


233 
208 
502 
480 
565 
722 
4<»0 
263 
249 
246 
202 


296 
292 

1,001 
694 
773 

1,304 
612 
394 
309 
391 
236 
220 


1" 


18,200 
16,220 
61,550 
41,300 
47,530 
77,500 
37,630 
24,230 
18,390 
24,040 
14,040 
13,630 


1.02 
1.01 
3.46 
2.40 
2.67 
4.51 
2.12 
1.36 
1.07 
1.35 
.817 
.761 


544  '        394,200 
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Depth  in 
inch*'*. 


1.18 
1.0S 
1» 

2.68 

iw 

5.08 
2.44 

1.57 
1.19 
1.56 

.sr: 

25.56 
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SNAKE  RIVER  DRAINAGE  BASIN. 

DESCRIPTION  OF  BA8IN. 

Snake  River  is  the  largest  tributary  of  the  Columbia.  It  rises  on  the  northern  slope  of  the 
Continental  Divide  in  the  Yellowstone  National  Park,  draining  the  country  west  and  south- 
west of  Yellowstone  Lake.  From  Shoshone,  Lewis,  and  Hart  lakes,  near  its  head,  the 
river  flow^  in  a  southerly  direction  through  a  timbered  and  mountainous  country  for  about 
20  miles,  when  it  broadens  into  Jackson  Lake,  a  deep  body  of  water  about  3  miles  wide 
and  8  miles  long.  Below  the  lake  the  river  flows  through  Jackson  Hole  Valley — about  40 
miles  long  find  8  miles  wide — and  then  enters  a  long  canyon  near  the  Idaho-W  yoming 
line.  All  the  large  tributaries  come  from  the  east,  receiving  their  waters  from  the  Wind 
River  Range.  The  west  side  of  the  valley  is  bounded  by  the  high  Teton  Mountains,  from 
which  most  of  the  drainage  flows  westward  through  Teton  River  into  North  Fork  of  Snake 
River.    The  Snake  empties  into  Columbia  River  near  Pasco  Junction,  Wash. 

Bruneau  River  rises  in  northern  Nevada  and  flows  in  a  general  northerly  course  through 
southern  Idaho,  emptying  into  Snake  River  at  a  point  south  of  Boise.  Fall  River  is  one  of 
the  small  tributaries  of  Snake  River  at  its  headwaters  in  eastern  Idaho. 

Boise  River  drains  a  mountainous  and  well-wooded  country  in  Elmore  County,  Idaho, 
emptying  into  Snake  River  near  the  point  where  the  Snake  begins  to  form  the  boundary 
between  Idaho  and  Oregon.  The  effects  of  the  forests  are  shown  in  tlie  high  flow  that  is 
maintained  throughout  the  summer  season,  in  contrast  to  the  discharge  of  Weiser  River, 
father  to  the  west,  which  drains  a  more  barren  country.  In  the  lower  course  of  the  Boise 
a  laige  number  of  canals  divert  water  to  irrigate  lands  in  Boise  Valley.  The  diverson  of  the 
water  is  now  so  great  that  frequent  complaints  of  scarcity  are  heard. 

Weiser  River  drains  Washington  County,  in  the  extreme  western  part  of  Idaho,  and  flows 
into  Snake  River  at  Weiser,  Idaho. 

Owyhee  River  rises  in  northwestern  Nevada  and  flows  northwestward  through  Idaho; 
Malheur  River  rises  in  the  mountains  of  east-central  Oregon  and  empties  into  Snake  River 
west  of  Boise :  and  the  Grande  Ronde  drains  the  northern  slope  of  the  Blue  Mountains  and 
empties  into  Snake  River  in  southeastern  Washington. 

The  headwater  tributaries  of  Palouse  River  have  their  sources  in  western  Idaho.  After 
passing  into  Washington  the  streams  unite  to  form  Palouse  River,  which  has  a  general 
southwesterly  course,  through  a  rolling  country.  Six  miles  below  Hooper,  Wash.,  the 
Palouse  bends  suddenly  to  the  south  and  enters  a  canyon,  through  which  it  flows  to  its 
junction  with  Snake  River.  A  short  distance  above  the  mouth  of  the  river  are  the  Palouse 
Falls,  approximately  180  feet  high. 

NORTH  FORK  OF  SNAKE  RIVER  NEAR  ORA,  IDAHO. 

This  station  was  established  August  20,  1902,  by  N.  S.  Dils.  It  is  located  at  the  North 
Fork  Bridge,  2  miles  south  of  Ora  and  10  miles  above  St.  Anthony,  Idaho. 

The  channel  is  straight  both  above  and  below  this  station.  The  banks  are  high  and  do 
not  overflow.  The  bed  of  the  stream  is  hard  gravel,  fairly  smooth,  and  not  liable  to  change. 
The  current  is  swift. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  bridge,  which  con- 
sists of  four  spans  resting  on  three  rock-fiUed  crib  piers.  The  bridge  is  210  feet  long.  The 
initial  point  for  soundings  is  a  bolt  through  the  toe  of  the  end  brace  on  the  lower  side  of  the 
n«rth  end  of  the  bridge. 

The  gage  is  a  vertical  staff  fastened  to  the  first  bridge  pier  from  the  north  abutment. 
*^ring  1905  the  gage  was  read  once  each  5ay  by  Mrs.  Martlia  J.  Fritz.  Bench  marks  were 
established  as  follows:  (1)  A  United  States  Geological  Survey  aluminum  tablet  set  in  a 
l*rge  rock  about  30  feet  northeast  from  north  end  of  bridge;  elevation,  12.84  feet.  (2)  A 
"OSS  on  a  large  flat  rock  marked  "B.  M.,"  25  feet  northeast  from  north  end  of  bridge; 
elevation,  11.10  feet.    Elevations  refer  to  the  datum  of  the  gage. 


Digitized  byVjOOQlC 


92 
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Information  in  regard  to  this  station  is  contained  in  the  following  publications  of  the 
United  States  Geological  Survey  (Ann = Annual  Report;  WS= Water-Supply  Paper): 

Description:  WS  85,  p  215;  100  p  455;  135,,  p  170. 

Discharge:  WS  85,  p  215;  100,  p  455;  135,  p  170. 

Discharge,  monthly:  Ann  11,  ii,  p  105;  WS  100,  p  457;  135,  p  172. 

Qage  beigths:  WS  85,  p  215;  100,  p  456;  135,  p  171. 

Rating  Uble:  WS  100,  p  466;  135,  p  171. 

Discharge  measureme'nU  of  North  Fork  of  Snake  River  near  Ora,  Idaho,  in  1905. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gam    '      Dis- 
heij^t.  1  charge. 

April  IL 

May  10. 

B.C.  L»  Rue. 

Feet. 

178 
178 
176 
175 
174 

Square 
feet. 

303 

447 

380 

347 

Feet  per 
tecond. 

3.37 

3.68 

3.12 

3.02 

2.83 

Feet. 
2.30 
2.55 
2.25 
2.05 
2.05 

Seamd- 
feei. 

1,32S 

do 

1.6<7 

June  28. .. 

do , 

1,186 

August  29.. . 

.  ...do 

l,Ott 

September  18 . . 

do 

1,019 

Daily  gage  height,  in  feet,  of  North  Fork  of  Snake  River  near  Ora,  Idaho,  for  1905. 


Day. 


2.. 
3. 
4.. 

5.. 

6. 

7. 

8., 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 


30. 
31. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Da. 

2.2 

2.1 

2.1 

2.0 

2.7 

2.5 

2.2 

2.1 

2.0 

2.1 

2.0 

2.0 

2.2 

2.1 

2.1 

2.1 

2.6 

2.5 

2.2 

2.1 

2.0 

2.1 

2.0 

2.0 

2.1 

2.1 

2.1 

2.1 

2.6 

2.5 

2.2 

2.1 

2.0 

2.1 

2.0 

2-0 

2.1 

2.1 

2.0 

2.1 

2.6 

2.6 

2.2 

2.1 

2.0 

2.1 

2.0 

2-0 

2.2 

2.1 

2.0 

2.1 

2.5 

2.4 

2.2 

2.1 

2.0 

2.1 

2.0 

2.0 

2.2 

2.1 

2.0 

2.1 

2.5 

2.4 

2.1 

2.1 

2.0 

2.1 

2.0 

2.0 

2.1 

2.1 

2.0 

2.2 

2.5 

2.4 

2,1 

2,1 

2.0 

2.1 

2.0 

2.0 

2.1 

2.1 

2.0 

2.2 

2.5 

2.4 

2.1 

2.1 

2.0 

2.1 

2.0 

2.0 

2.1 

2.1 

2.0 

2.3 

2.6 

2.4 

2.1 

2.1 

2.0 

2,1 

2.0 

2.0 

2.1 

2.1 

2.0 

2.3 

2.6 

2.4 

2.1 

2.1 

2.0 

2.1 

2.0 

2.0 

2.1 

2.1 

2.0 

2.3 

2.5 

2.4 

2.1 

2.1 

2.0 

2.1 

2.0 

2.0 

2.1 

2.1 

2.0 

2.3 

2.5 

2.4 

2.1 

2.1 

2.0 

2.1 

2.0 

2.0 

2.1 

2.1 

2.0 

2.3 

2.6 

2.4 

2.1 

2.1 

2.0 

2.1 

2.0 

2.0 

2.1 

2.1 

2.0 

2.3 

2.6 

2.4 

2.1 

2.1 

2.0 

2.1 

2.0 

2.0 

2.2 

2.1 

2.1 

2.3 

2.6 

2.3 

2.1 

2.1 

2.0 

2.1 

2.0 

2.0 

2.2 

2.1 

2.1 

2.5 

2.6 

2.3 

2.1 

2.1 

2.0 

2.1 

2.0 

2.0 

2.2 

2.1 

2.1 

2.5 

2.6 

2.3 

2.1 

2.1 

2.0 

2.1 

2.0 

2.0 

2.2 

2.1 

2.1 

2.4 

2.6 

2.3 

2.1 

2.0 

2.0 

2.1 

2.0 

2.0 

2.2 

2.2 

2.1 

2.5 

2.6 

2.3 

2.1 

2.0 

2.0 

2.1 

2.0 

2.0 

2.2 

2.2 

2.1 

2.5 

2.6 

2.3 

2.1 

2.0 

2.0 

2.0 

2.0 

2.0 

2.2 

2.2 

2.1 

2.6 

2.6 

2.3 

2.1 

2.0 

2.0 

2.0 

2.0 

2.0 

2.2 

2.2 

2.1 

2.6 

2.6 

2.3 

2.1 

2.0 

2.0 

2.0 

2.0 

2.0 

2.1 

2.2 

2.1 

2.7 

2.6 

2.3 

2.1 

2.0 

2.0 

2.0 

2.0 

2-0 

2.1 

2.2 

2.1 

2.9 

2.5 

2.3 

2.1 

2.0 

2.0 

2.0 

2.p 

2.0 

2.1 

2.2 

2.1 

2.9 

2.5 

2.3 

2.1 

2.0 

2.0 

2.0 

2.0 

2.0 

2.1 

2.1 

2.1 

2.9 

2.5 

2.2 

2.1 

2.0 

2.0 

2.0 

2.0 

2.0 

2.1 

2.1 

2.1 

2.9 

2.5 

2.2 

2.1 

2.0 

2.0 

2.0 

2.0 

2.0 

2.1 

2.1 

2.1 

2.7 

2.5 

2M 

2.1 

2.0 

2.0 

2.0 

2.0 

2.0 

2.1 

2.1 

2.7 

2.5 

2.2 

2.1 

2.0 

2.1 

2.0 

2.0 

2.0 

2.1 

2.1 

2.7 

2.5 

2.2 

2.1 

2.0 

2.1 

2.0 

2.0 

2.0 

2.1 

2.0 

2.5 

2.1 

2.0 



2.0 

2.0 

Non.— No  ice  record. 
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SioHon  rating  table  for  North  Fork  of  Sriake  River  near  Ora,  IdahOffrom  January  1  to 

December  31,1905. 


». 

DlBcharge. 

height. 

Discharge. 

Gage 
hei^t. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

2.00 

990 

2.30 

1,280 

2.60 

1,730 

2.90 

2,280 

2.10 

1,070 

2.40 

1,420 

2.70 

1,900 

3.00 

2,480 

2.20 

1,100 

2.fi0 

1,570 

2.80 

2,090 

Tbe  above  table  is  applicable  only  for  opeD<<;haniiel  conditions.    It  is  based  on  five  discharge  meas- 
arementt  made  during  1906.    It  is  well  denned  between  gage  heights  2  feet  and  2.6  feet. 

EtHmaied  monthly  discharge  of  North  Fork  of  Snake  River  near  Ora,  Idaho,  for  1906. 
[Drainage  area,  1,040  square  miles.] 


Month. 


January 

February 

lUich 

April 

May 

June 

July 

Aqgnst 

September 

October. 

Novtmber 

Deeember. 

Tbe  year. 


Discharge  in  second-feet. 
Minimum. 


Maximum, 


1,160 
1,160 
1,070 
2,280 
1,900 
1,570 
1,160 
1,070 
1,070 
1,070 
990 
990 


2,28(r 


1,070 

1,070 

990 

990 

1,570 

1,160 

1,070 

990 

990 

990 

990 

990 


990 


Mean. 


1,106 

1,002 

1,039 

1,517 

1,663 

1,345 

1,085 

1,034 

095 

1,039 

990 

990 


1,158 


ToUlin 
acre-feet. 


67,940 
60,660 
63,880 
90,270 
102,300 
80,040 
66,720 
63,580 
50,210 
63,880 
58,910 
60,870 


838,200 


Run-off. 


Second-feet 

per  square 

mile. 


1.06 
1.06 

1.46 
1.60 
1.20 
1.04 

.957 
.999 
.952 
.952 


1.11 


Depth  in 
inches. 


1.22 
1.00 
1.15 
1.63 
1.84 
1.44 
1.20 
1.15 
1.07 
1.16 
1.06 
1.10 


15.10 


SNAKE  RnrER  NEAR  MINIDOKA,  IDAHO. 

This  station  was  originally  established  August  5,  1805,  at  Montgomery's  ferry,  on  the 
stage  road  from  Minidoka  to  Albion,  4  miles  east  of  Rupert,  Idaho,  and  10  miles  below  the 
diversion  dam  for  the  Minidoka  irrigation  project.  Measurements  at  Montgomery's  ferry 
show  the  amount  of  water  available  for  irrigation  purposes  there  and  for  the  newly  con- 
structed Twin  Falls  canals  heading  23  miles  below,  and  also  the  conditions  that  will  exist 
for  power  purposes  at  Shoshone  Falls,  about  45  miles  below,  after  the  irrigable  lands  of 
Snake  River  Valley  shall  have  been  reclaimed. 

The  channel  is  straight  for  2,000  feet  above  and  1,500  feet  below-  the  station.  The 
velocity  is  low  at  all  stages.  Both  banks  are  inclined  up  to  gage  height  6  to  9  feet,  and 
then  become  vertical.  Both  are  clean,  sandy,  and  do  not  overflow.  The  bed  of  the  stream 
is  composed  of  sand  and  coarse  gravel  and  is  practically  permanent.  There  is  but  one 
channel  at  all  stages. 

Dischaige  measurements  are  made  from  the  ferryboat.  A  tagged  wire  has  been  stretched 
above  the  ferry  cable.  The  initial  point  for  soundings  is  the  face  of  the  cable  support  on  the 
right  bank. 

Since  the  station  was  established  the  gage  has  several  times  been  disturbed  by  the  shifting 
quicksand  and  reestablished.  The  present  gage  is  a  staflf  constructed  in  three  independent 
sections  on  the  right  bank.  The  lower  inclined  section,  reading  from  0  to  3.3  feet,  may 
move  in  the  quicksand  without  disturbing  the  upper  sections.    Above  gage  height  6.6  feet 
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the  gage  is  vertical.  During  1905  the  gage  was  read  twice  each  day  by  George  Montgomm. 
The  bench  mark  is  a  United  States  Geological  Survey  iron  post  on  the  right  bank,  200  feel 
below  the  gage;  elevation,  12.67  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  of  the 
United  States  Geological  Survey  (Ann = Annual  Report;  Bull = Bulletin:  WS= Water-Sup- 
ply Paper): 

Description:  Ann  18,  tv,pp  334-335;  Bull  140,  p241;  \VS16,pl65;  58,pl55;  38, pp 351-3S2;  51,ptK;«, 
p  12tt;  85,  pp  213-214;  100,  p  443;  135,  pp  172-173. 

Dlschiirge:  Ann  18,  Iv,  p  335;  Bull  140,  p  241;  WS  16,  p  l(i5;  28,  p  168;  38,  p  352;  51.  p  426;  66,  p  126;  JO 
p  214;  100,  p  444;  135,  p  173. 

Dl8chargp,  monthly:  Ann  18,  tv,  p  336;  19,  iv,  p  447;  20,  iv,  pp  473,  474;  21,  iv,  p  405;  WS  100.  p  445;  I3S 
p  175. 

Discharge,  yearly:  Ann  20,  iv,  p  61. 

Gage  heights:  Bull  140,  p  231;  \VSll,p80;  16,  p  165;  28,  p  160;  38,  p  352;  66,  p  127;  85,  p  214;  100.  p4H 
135.  pp  173-174. 

Ilydrographs:  Ann  19,  iv,  p  -148;  20,  iv,  p  475;  21.  iv,  p  406. 

Rainfall  and  run-ofl  rplation:  Ann  20,  iv.  p  744. 

Rating  tables:    Ann  18,  iv,  p  335;  19,  iv,  p  447;  WS  28,  p  169;  39,  p  453;  100,  p  445;  135,  p  174. 

Discharge  mewfuremenis  of  Snake  Rhrr  near  Minidoka,  IdaJio,  in  J9<)'t. 
Dato.         I  Ilydrographer. 


April  21 E.  C.  La  Rue 

May  20 i do 

June  6 1 do 

June  16 j  Iloyt  and  La  Rue. 

July  16 '  E.  C.  La  Rue 

August  12 do 

Octolwr  23 do 


Vidth. 

Area  of 
section. 

Mean 
velocity. 

Gaso 
height. 

ths- 
charp-. 

Feet. 

T" 

Feet  per 
second.  ' 

Feet. 

Second- 
feet. 

828 

3,938 

i.m| 

3.10 

S,9« 

845 

4,818 

i.m\ 

3.90 

s,i.* 

850 

5,718 

2.14 

5.15 

12.230 

m 

5,588 

2.07  ' 

5.05 

11,.W 

795 

3,212 

1.27 

2.40 

4,fK 

770 

2,258 

.87 

1.20 

1,*^^ 

795 

3,269 

L23| 

2.31 

4,l«> 

Daily  gage  height ,  in  feet,  of  Snake  River  near  Minidoka^  Idaho^for  1005. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 1 

22 1 

23 1 

24 


Jan. 

4.45 

4.1 

4.0 

3.  K^i 

■.\.  tUi 

3. 6 
3.  5 
3.  5 
3. .'. 
3.  5 
3.  .S.1 
3.  '2.', 

:i  3 

3.  45 

3.55 

3. 65 

3.8 

3.8.*) 

3.95 

4.0 

4.15 

4.2 

3.9 

3.6 


•>h.      Mar.  |  .\pr.  |  May.    Jun^.    July.     Aug. 


9  ■ 

OTi 

(Xi 

.r> 

8  I 

2.',  I 

75  I 

45  ! 

2  ! 


3.a'-> 

3.  0.') 
.T  1.-) 
3.0 

;i.  0 

3.  1.'. 
3.  2,') 
3.  2.'> 
3.  a') 

2.a'> 

2. 05 

2.85 

2.H5 

2.^ 

2.a'> 

2.H,'> 

2.Hr> 

2.85 

2.85 

2.85 

2.8.5 

2.95 

3.0 

2.86 


1     -^H'- 

i"«»j. 

2. 95 

3.9 

2.9 

3.9 

2.  STi 

:i9 

1     2. 7.') 

.3.9 

2.«l 
2.6 
2.6 
2.7 
2.7 
2.8 
2.95 
2.a5 
2. 95 
2.95 
2. 95 

2.m 

2.95 

3.a'i 

3.a'> 

3.05 

3.1 

a25 


3.U.'.  I 
4.2     j 
4.2 
4.2 
4.1 
4.0 
4.0 
4.0 
4.0    i 
4.0    i 
4.0    I 
4.0    I 
.3.9    I 
3.85  ' 

:i  8  I 
3.8  ' 
4.25  I 
4.45  ' 
4.6     I 


4.75 


4.<M    I 

4.  «^5 

4.«M 

4.8 
.5.0 

5.  I      ' 

I 

17  \ 

.5.3  , 

5.0  I 

.5.0  I 

.5.  .15  I 

.5.6  I 

.5.:i.5  1 

.5.  15 
5.  (15 
5.  I 
5.  2,5 
5.  2.5 
.5.  15 
4.9 
4.6 
4.35 
4.1 


3.75 
3.95 
3.  75 
3.6 

:j.5 

3.4  ' 

3.  .35  ' 
3.  15 
2.95 

2.8  , 

o  7  I 


2.7 

2.6 

2.6 

2.5 

2.4 

2.3 

2.3 

2.  15 

2.  I 

2.0 

2.0 

1.9 


1.4 

1.4 

1.35 

L3 

1.25 

1.2 

1.2 

1.2 

1. 2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.1 

I.  15 

1.2 


Sept.     Oct.      Nov.     Dw 


L2 
1.2    ! 
1.15 
1.15  , 
1.2 
1.2    I 
1.2 
1.2 
1.2    ! 
1.2    I 
1.2    i 

1.2  ; 

1.2    j 
1.2    i 

1.2  ; 

1.2 
1.  15 
1.  15 
1. 15 
1. 15 
1.15 
1.15 
1   15 


1.35 

1.4 

1.45 

1.55 

1.6 

1.65 

1.75 
1.8 
1.85 

;:: 

2.1 

2.15 

2.2 

2.25 

2.25 

2.25 

2.25 

2.25 

2.5 

2.4 

2.35 


1.8     I     1.2         L2         2.3 
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2.4 

2.4 

2.4 

2.45 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.6 

2.6 

2.6 

2.6 


2.6 
2. 75 
2.S 
2.55 
2.55 
2.55 
255 
255 
2.55 

2  8 
3.85 
3.« 
3.2 
3.1 
3.1 
3.1 
3.1 
3.1 
11 

a  2 

3  35 
34 
34 
3.4 
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Daily  gage  fuightf  in  feet,  of  Snake  River  near  Minidokay  Idaho^for  1906 — Continuetl. 


Day. 


36. 
27. 
28. 
29. 
3D. 
31. 


Jan. 

\ 

a2 

3.05 
3.06 
3.05 
3.05 
3.05 
3.05 


Feb.  I  Mar.  ,  Apr. 


•I 


2.85  2.05 

2.0    I  2.05 

3.05  I  3.0 

3.05  I  3.05 

3.05 

I  3.05 

!  ao5 


3.25 

4.7    1 

3.4 

4.5    1 

3.6 

4.25 

3.7 

4.15 

3.8 

4.3    1 

3.0 

4.35 



4.65 

May.  j  June.  ;  July,  i  Aug. 


1.2 

1.2 

1.2 

1.15 

1.15 

1.15 

1.15 


3.05 

1.75 

3.0 

1.7 

3.85 

1.6 

3.7 

1.5 

3.6 

1.5 

3.7 

1.45 

1.4 

I 


Sept. 

Oct. 

Nov 

1     ^'^ 

2.3 

2.6 

i     1.2 

2.25 

2.0 

1.25 

2.25 

2.6 

1.25 

2.3 

2.6 

1.25 

2.3 

2.6 

1.25 

2.35 
2.4 

2.6 


Dec. 

3.4 

3.3 

3.0 

2.05 

3.1 

3.0 

3.1 


Note.— The  river  was  frosen  over  January  1-25;  February  11-17,  20-22,  and  December  2,  3,  10-31. 

StaHon  rating  table  for  Snake  River  near  Minidoka^  Idaho^from  January  1  to  December  31  ^ 

1905. 


Oag© 
height. 

Feet. 

Discharge. 
Second-feet. 

Gage 
height. 

1      Feet. 

Discharge. 

!     Gage 
height. 

Second-feet. 

'      Feet. 

1.10 

1,880 

'        2.30 

3,040 

'       3.50 

1.20 

1,060 

2.40 

4,180 

3.60 

1.30 

2,060 

2.50 

4,430 

3.70 

1.40 

2,100 

2.60 

4,680 

1        3.80 

1.50 

2,340 

2.70 

4,030 

j        3.00 

1.60 

2,500 

2.80 

5,180 

{        4.00 

1.70 

2,670 

2.00 

5,440 

4.10 

1.80 

2,860 

3.00 

5,700 

4.20 

1.00 

3,060 

3.10 

5,070 

4.30 

2.00 

3,270 

3.20 

6,240 

,        4.40 

2.10 

3,480 

3.30 

6,510 

'        4.50 

2.20 

3,700 

3.40 

6,780 

4.60 

Discharge. , 

height. 

Discharge. 

Second-feet.' 

Feet. 

Second-feet. 

7,060 

4.70 

10,580 

7,340 

4.80 

10,800 

7,630 

4.00 

11,210 

7,020 

5.00 

11,540 

8,210    1 

5.10 

11,880 

8,500    , 

5.20 

12,230 

8,700 

5.30 

12,500 

0,080    1 

5.40 

12,050 

0,380    1 

5.50 

13,320 

0,680    1 

5.60 

13,700 

0,080 

5.70 

14,090 

10,280    ' 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  seven  discharge  meas- 
urements made  during  1005.     It  is  well  defli^ed  l)etween  gage  heights  I  foot  and  5.2  feet. 

Estimated  monthly  discharge  of  Snake  Rir>er  near  Minidoka^  IdaliOf  for  1905. 
[Drainage  area,  17,000a  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum.!  Minir.ium.      Mean. 


'   Total  in 
1  acre-feet. 


January 

February.. 

March 

April 

May 

Jane 

July 

August 

Septemlier. 

October 

Noveml)er. 
December.. 


6,375 
8,210 
10,740 
13,700 
8,355 
2,100 
2,010 
4,430 
4,680 


5,310 
4,680 
7,020 
7,340 
2,100 
1,880 
1,020 
2,125 
4,180 


I  Run-off. 

Second-feet' 
mil 


The  year. 


5,800 
5,550 
5,641  I 
5,780 
8,025  ' 
10,010  I 
4,545  I 
1,076 
1,955 
3,415 
4,484  j 
4,550 


356,600 
308,200 
346,000 
343,000 
548,800 
649,100 
270,500 
121,500 
116,300 
210,000 
266,800 
270,800 


5,294       3.827,000 


Depth  in 


^'X*""'   indhes. 


0.324 
.310 
.315  ' 
.323  I 

.499  I 

.r.09  I 

.254 
.110  i 
.109 
.101  I 
.2.51 
.2.54  I 

.296 


0.874 
.323 
.363 
.360 
.575 
.680 
.203 
.127 
.122 
.220 
.280 
.293 

4.01 


a  Exclusive  of  ilralnage  areas  of  l,).st  rivor.;.     lievLst^d  sinco  provious  reports. 

Note.— Monthly  means  for  January,  February,  and  December  estimated  from  flow  during  open 
periods.  ^  j 
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IX>W-WATER    CONDITIONS   ON    SNAKE    RIVER    BETIVEEN    BLACKFOOT 
AND  SHOSHONE  FALLS,  IDAHO. 

The  low-water  conditions  on  Snake  River,  between  Blackfoot  and  Shoshone  Falls,  were 
clearly  brought  out  by  a  series  of  measurements  made  during  August,  1905.  This  inyestt- 
gation  was  carried  on  by  the  Geological  Survey  in  conjunction  with  the  State  engioeef's 
office. 

The  entire  supply  of  upper  Snake  River  available  above  Blackfoot,  Idaho,  is  used  for 
irrigation  during  August  and  September.  On  August  10  there  was  1S4  secood-feet 
available  at  the  American  Falls  Power  Company  canal  heading.  This  canal,  which  diverts 
at  a  point  8  miles  above  Blackfoot,  is  to  supply  water  for  80,000  acres  of  land.  Beginning 
at  a  point  4  miles  above  the  Blackfoot  wagon  bridge.  Snake  River  channel  was  entirely  drr 
for  a  distance  of  10  miles.     Following  is  a  summary  of  the  measurements: 

ixmhwaUr  measurements  of  Snake  RU>er  and  Ttpin  Falls  eamd  in  1906. 


Date. 

Stream.     

Location. 

Diachaqpf. 

August  9 

August  10. 

do 

Just  below  mouth  of  Black  River 

Seami^ett 

39 

Ji)iit  fthnVA  Atn^rioA-n  FaIIa  nft.n«J  hnAdirig. . .  - 

1&4 

August  11 

do 

Just  above  American  Falls 

1,»6 

August  12 

do 

At  Montgomery's  Ferry 

1.983 

August  14. 

do 

Between  Shoshone  Fails  and  Twin  Falls 

■1,3« 

August  15 

Twin  Falls  canal . . 

I.Ofi 

<*  Includes  the  waste  from  the  Twin  Falls  canal. 

A  further  investigation  was  carried  on  by  the  United  States  Geological  Survey  to  deter- 
mine the  loss  or  gain  in  Snake  River  between  Montgomery's  Ferry  and  Shoshone  Falk. 
August  22  the  discharge  of  Snake  River  between  Twin  Falls  and  Shoshone  Falls  was  1,299 
second-feet  and  the  discharge  from  springs  between  the  point  of  measurement  and  Shoabooe 
Falls  was  17  second-feet,  making  the  total  discharge  of  Snake  River  at  Shoshone  Fills 
1^16  second-feet. 

The  result  of  this  investigation  may  be  tabulated  as  follows: 

Loss  in  Snake  River  between  Montgomtry^a  Ferry  and  Shoshone  Falls  in  1906. 


Date. 

.. 

Discharge. 

August  22 

Do 

Tot&I  discharee  Sn&ke  River  at  Monleomerv's  Ferrv 

Second-feet. 

Secoad-feet 

1,910 

Total  discharge  Snake  River  at  Shoshone  Falls 

1,316 
1.006 

Do 

Amount  diverted  by  Twin  Falls  canal           

{10, 

Mwiaured  waste  from  Twin  Falls  canal  reaching  the  river 
ivitrwe  Shoshone  Falls. 

LfiHji  Uy  seepage  from  the  Twin  Falls  canal  during  the  first 
"J11  miles  of  its  course  (which  is  assumed  to  return  to  the 

Ijimfl  in  Snake  River  between  Montgomery's  Ferry  and  Sho- 
«tiane  Falls. 

ijC 

ri 

Do.i  *  . 

144 
2,468 

2:^ 

^Hie  inss  of  371  spcond-feet  in  the  Twin  Falls  canal  was  determined  by  a  special  series 
f>f  iTi«iiaurpriif*tM-s  tnade  on  August  22  and  23,  1905,  The  canal  follows  the  river  at  adis- 
laAiV  i)f  uni'-buJf  (o  1  mile  from  its  bank,  and  it  is  therefore  re.asonably  correct  to  assume 
thai  iIiIm  Bpepag^  all  reaches  the  river. 


r 
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In  September,  1902,  a  similar  investigation  was  made  and  the  loss  between  Montgomery's 
Ferry  and  Shoshone  Falls  was  found  to  be  196  second-feet. 

FALL.  RIVER  AT  FREMONT,  FDAHO. 

This  station  supersedes  the  station  at  Wilson's  mill,  near  Marysville,  which  was  discon- 
tinued December  31,  1903,  because  of  the  difficulty  of  securing  an  observer.  It  was  estab- 
lished January  1,  1904. 

The  channel  is  straight  above  and  below  the  station.  Both  banks  are  high,  wooded,  steep, 
and  not  liable  to  overflow.  There  is  but  one  channel  at  all  stages.  The  Brady  canal,  capac- 
ity about  100  second-feet,  heads  in  the  right  bank  of  the  river  between  Wilson's  mill  and 
the  Fremont  station. 

Discharge  measurements  are  made  by  means  of  a  c^ble  and  car.  The  initial  point  for 
soundings  is  a  tin  tag  marked  **  I.  P. "  on  the  inside  fac«  of  the  c^ble  on  the  south  bank  of  the 
stream. 

The  gage  is  a  verti<)bl  staff  on  the  south  bank,  about  900  feet  from  Fremont  post-office. 
During  1905  the  gage  was  read  twice  each  day  by  Mrs.  Eva  A.  Loomis.  The  bench  mark  is 
a  standard  aluminum  tablet  set  in  a  rock  20  feet  from  the  gage;  elevation,  10.36  feet  above 
the  datum  of  the  gage. 

Discharge  measurements  of  FaU  River  at  Fremont,  Idaho,  in  1905, 


Date. 


April  12... 
May  11.... 
Joiie28.... 
Aagiut20. 


Hydrographer. 


E.  C.  La  Rue. 

do 

do 

do 


Width. 


Feet. 


145 
146 
140 


Area  of 
section. 


Square 
feet. 

185 

284 

467 

178 


Mean 
velocity. 

Feetprr 
second. 

2.55 

3.75 

5.67 

2.16 


Gage 
height. 


Feet. 
1.95 
2.65 
4.00 
1.85 


Dis- 
charge. 


Second- 
feet. 

472 
1,065 
2,650 

384 


Daily  gage  height,  in  feet,  of  FaU  River  at  Fremoni,  Idaho,  for  1906. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

1.6 
1.6 
1.6 
1.6 
1.4 
1.6 
1.8 
1.8 
1.8 
1.8 
1.6 
1.8 
1.8 
1.8 
1.8 
1.8 
2.0 
2.0 
2.1 
2.2 

2.8 

2.8 

2.8 

2.6 

2.65 

2.75 

2.75 

2.9 

2.8 

2.7 

2.7 

2.65 

2.65 

2.75 

2.75 

2.8 

2.9 

3.2 

3.25 

3.2 

3.45 

3.6 

3.7 

3.85 

4.0 

3.8 

3.75 

3.9 

4.0 

4.05 

3.75 

3.6 

3.75 

3.85 

3.75 

3.6 

3.5 

3.6 

3.1 

2.9 

3.7 

3.1 

3.0 

3.1 

3.0 

3.05 

3.15 

2.9 

2.8 

3.05 

2.7 

2.8 

2.75 

2.65 

2.35 

2.25 

2.15 

2.1 

2.1 

2.1 

1.9 

1.9 

1.85 

1.9 

1.9 

1.9 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.9 

1.9 

1.9 

1.9 

1.9 

1.85 

1.85 

1.9 

1,9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

2.0 

1.95 

1.95 

1.95 

1.95 

1.95 

1.85 

1.85 

1.85 

1.85 

1.85 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.85 

1.85 

1.9 

1.9 

1.9 

1.9 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

2 

1.85 

3 

1.85 

4 

1.8 

5 

1.8 

6 

1.8 

7... 

1.8 

8 

1.8 

9 

1.8 

10.... 

U 

12 

13.... 

U 

15 

w... 

17 

18 

».... 

20 
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Daily  gage  heighly  in  feet,  of  FaU  River  at  Fremont ,  Idaho,  for  1905— Continued. 


Day. 
21                  .     . 

'  Jan. 

1 

'       1.8 

Feb. 

Mar. 
l.fi 

Apr. 

2.25 

2.3 

2.4 

2.5 

2.95 

3.5 

2.9 

2.7 

2.75 

2.8 

May. 

3.2 

3.25 

3.5 

2.f/i 

2.9 

3.0 

3.2 

.^35 

3.6 

3.5 

3.45 

June. 

2.85 

3.1 

3.15 

3.2 

3.3 

3.5 

3.9 

4.0 

3.8 

3.6 

July. 

2.05 

2.0 

1.95 

1.9 

1.9 

1.9 

1.9 

1.9 

1.8 

1.9 

1.9 

Aug. 

1.85 
1.85 
1.85 
1.85 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

1 
Sept.  1 

1.85  1 
1.85  1 
1.85 
1.9    1 
1.95  1 
1.95 
1795  1 
1.9    1 
1.9 
2.0 



Oct. 

1 
1.9 
1.9  , 
1.9  1 
1.9' 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

" 

Nov. 
1.85 

I^. 

22 

1 

1       I 

I       1 

i 

1       ' 
1        ] 

1 

1 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

6 
6 
6 
6 
6 
6 
tt 
(5 
6 

1.85 
L85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 

23 

24 

25 

26 

27 

1      1 

28..            

1 
1 

1 
1 

29 

30 

31 

NoTK.     Itivor  frozen  over  Febnmry  12-28  and  Decoml)or  12-'.  \. 

Station  rating  table  for  FaU  Ri\^  at  Fremont,  Idaho,  from  October  28,  190^,  to  December. il. 

1905. 


Gage 
height. 

Discharge. 
Second-feet. 

1     Gage 
height. 

1     ^'•^'• 
j        2.10 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

j  Discharge.  1 

Feet. 

Second-feet. 

SecoTtd-ffft 

1.40 

168 

575    1 

2.80 

1,215 

150 

1         2.030 

1.50 

210 

2.20 

655 

2.90 

1,325 

3.60 

2,130 

1.60 

255 

'        2.30 

740    , 

aoo 

1,440 

a  70 

'         2.275 

1.70 

305 

'        2.40 

825 

3.10 

1,555 

a80 

'         2,400 

1.80 

365 

1        2.50 

915 

3.20 

1,670 

3.90 

2,525 

1.90 

430 

2.60 

1,010 

3.30 

1,790 

4.00 

2.650 

2.00 

500 

2.70 

1 

1,110    i 

3.40 

1,910 

The  above  table  is  appl.cul>le  only  for  oncn-chanml  conditions.    It  is  based  on  four  discharge  mea,*- 
urements  made  during  1905.    It  is  not  well  defined. 

Efdimaied  monthly  discharge  of  FaU  River  at  Fremont,  Idaho,  for  190J^. 
[Dralnagn  area,  390  square  miles.] 


Discharge  in  second-feet. 


Month. 


Novem1»er. 
Deceni)>er. . 


,  Maximum. 


575 


Minimum.      Mean. 


Total  in 
acre-feet. 


500 
500 


532  j 
510  I 


31,660 
31,360 


Run-ofl. 


S«^n«i-'«'^  Depth  it 
I*'"'^"*"'     inS«L 
mile. 


1.36  ' 


1.51 
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Egtimaied  monthly  discharge  ofFaU  River  at  Fremont ^  Idaho ^  for  1900. 
[DralnagB  aroa,  'JRfi  square  miles.] 


Month. 


Jantury 

Febniary  1-11. 

March 

April 

May 

June 

July 

August 

Septemlier 

October 

November 

Decemljer  1-9.. 


The  period . 


Discharge  in  second-feet. 

Total  in 

Maximum. 

Minimum. 

Mean. 

acre-feet. 

500 

365 

435 

26,750 

955 

3ft5 

365 

7,964 

500 

255 

374 

23,000 

2,030 

168 

620 

36,890 

2,150 

1,010 

1,419 

87,2.50 

2,712 

1,270 

2,154 

128,200 

2,275 

365 

924 

56,820 

430 

398 

409 

25,150 

500 

398 

430 

25,590 

500 

398 

431 

26,500 

430 

398 

402 

23,920 

398 

3<« 

376 

6.712 

1 

474,700 

Itun-off. 

Sooond-fect 

per  squaro 

mile. 

IVpth  in 
inrhes. 

1.12 

1.29 

.93J) 

.383 

.950 

1.11 

1.50 

1.77 

3.64 

4.20 

5.52 

6.16 

2.37 

2.73 

1.05 

1.21 

1.10 

1.23 

1.11 

1.28 

1.03 

1.15 

.964 

.323 

Note.— No  estimate  for  ice  period. 

TETON   RrVT5U  NEAR  ST.  AXTHOXY,  IDAHO. 

This  station  was  established  April  23,  1903,  by  N.  S.  Dils.  It  is  Icx-ated  at  (he  bridge  on 
the  stage  road  from  St.  Anthony  to  Victor,  Idaho. 

The  channel  is  straight  for  a  short  distance  above  and  below  the  station.  The  right 
hank  is  high  and  will  not  overflow.  The  left  bank  will  overflow  at  extreme  flood  stages. 
The  current  is  sluggish.  Both  banks  and  bed  are  composed  of  hard  gravel,  and  the  latter 
is  permanent. 

Dischai^e  measurements  are  made  from  the  two-span  bridge  to  which  the  gage  is  attached. 
The  bridge  is  supported  by  crib  abutments,  constructed  of  logs  and  filled  with  lava  rock, 
and  by  a  similar  middle  pier.  The  initial  point  from  which  soundings  are  made  is  a  large 
bolt  marked  "I.  P."  in  the  upstream  side  of  the  south  abutment. 

The  gage  is  a  vertical  staff  spiked  to  the  upstream  side  of  the  north  abutment  of  the 
bridge.  During  1905  the  gage  was  read  once  each  day  by  William  Ferguson.  Bench  marks 
were  established  as  follows:  (1)  A  United  States  Geological  Survey  aluminum  tablet  set  in 
solid  rock  about  30  feet  northeast  of  the  north  end  of  the  bridge;  elevation,  13.53  feet.  (2) 
A  cross  on  a  large  flat  rock  40  feet  northeast  of  the  right  end  of  the  bridge,  marked  "  B.  M." ; 
elevation,  14.25  feet.  (3)  A  similar  rock  60  feet  northwest  of  the  right  end  of  the  bridge, 
similarly  marked;  elevation,  14.41  feet.     Elevations  refer  to  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  100,  p  453;  136,  p  177. 
Discharge:  100,  p  453;  135,  p  177. 
Discharge,  monthly:  100,  p  455;  135,  p  179. 
Gage  heights:  100,  p  454;  135,  p  178. 
Rating  tabic:  100,  p  454;  135,  p  178. 
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Discharge  meatniremenU  of  Teton  River  near  St.  Anthony f  Idaho,  in  1906. 


Date. 

Hydrographer. 

Width. 

Feet. 
81 
80 
80 
80 
70.6 

Area  of  j    Mean 
aeotion.  |  velocity. 

Gage 

Dl»- 

April  13 

May  12 

E.  C.  La  Rue 

Square    ,Feet  per 
feet.        second. 

306            1.22 

340            1.86 

457  1         3.20 

407            2.78 

322            1.40 

Feet. 
LSD 
l.» 
3.10 
Z60 
1.70 

Seami 

do 

•# 

June  14 

June  20 

August  28 

do 

l,d(M 

do , 

i,m 

do 

m 

1 

Daily  gage  height^  infeet^  of  Teton  Rit^er  near  St.  Anthony,  Idaho,  for  1905. 


Day. 

Jan. 

1 

2.1 

2 

2.0 

3 

2.0 

4 

1.05 

5 

1.05 

6 

1.05 

7 

1.05 

8 

1.05 

0 

1.05 

10 

1.05 

11 

2.0 

12 

2.1 

13 

2.1 

14 

2.1 

15 

2.1 

16 

2.1 

17 

2.15 

18 

2.16 

10 

2.15 

20 

2.15 

21 

2.15 

22 

2.1 

23 

2.0 

24 

1.8 

25 

26 

27..  . 

28 

29 

30 

31 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.6 

1.06 

1.06 

1.05 

2.0 

2.0 

2.3 

2.5 

2.5 

2.6 

2.6 

2.5 

2.5 

2.45 

2.4 

1.3 

1.3 

1.3 


Mar. 

Apr. 
1.4 

May. 

June. 

July. 

Aug. 

1.3 

1.85 

3.15 

2.55 

1.7 

1.3 

1.45 

1.05 

a25 

2.45 

1.7 

1.3 

1.6 

1.0 

3.4 

2.4 

1.7 

1.3 

1.5 

1.05 

3.4 

2.35 

1.7 

1.35 

1.5 

2.0 

3.4 

2.3 

1.7 

1.35 

1.55 

2.0 

3.1 

2.3 

1.7 

1.4 

1.6 

2.05 

3.1 

2.3 

1.7 

1.4 

1.6 

2.1 

ai 

2.25 

1.7 

1.4 

1.55 

2.15 

3.2 

2.25 

1.7 

1.4 

1.5 

2.15 

3.25 

2.26 

1.65 

1.4 

1.55 

2.1 

2.0 

2.25 

1.65 

1.4 

1.5 

2.0 

2.0 

2.2 

1.6 

1.6 

1.5 

1.85 

ao 

2.2 

1.6 

1.6 

1.5 

1.0 

ao 

2.16 

1.6 

1.7 

1.5 

1.05 

ao 

2.1 

1.6 

1.0 

L6 

2.1 

ao 

2.05 

1.65 

2.0 

1.5 

2.4 

1.8 

2.0 

1.65 

2.2 

1.5 

2.55 

2.7 

1.05 

1.65 

2.1 

1.5 

2.7 

2.7 

1.9 

1.55 

1.05 

1.55 

2.75 

2.6 

1.0 

L65 

1.8 

1.6 

2.8 

2.4 

1.85 

1.55 

1.75 

1.6 

2.8 

2.4 

1.85 

1.6 

1.65 

1.6 

2.4 

2.4 

1.8 

1.6 

1.6 

1.75 

2.3 

2.4 

1.75 

1.6 

1.5 

1.0 

2.25 

2.4 

1.75 

1.65 

1.8 

1.8 

2.45 

2.4 

1.75 

1.65 

1.9 

1.7 

2.7 

2.4 

1.75 

1.65 

1.8 

1.7 

2.9 

2.45 

1.7 

1.65 

1.75 

1.7 

a  05 

2.6 

1.7 

1.65 

1.6 

1.8 

2.8 

2.6 

1.7 

1.65 

1.5 

2,95 

1.7 

1.65 

1.65 

1.65 

1.65 

1.65 

1.65 

1.65 

1.6 

1.6 

1.6 

1.6 

1.6 

1.65 

1.65 

1.65 

1.5 

1.6 

1.5 

L5 

1.5 

1.5 

1.5 

1.46 

1.4& 

1.45 

1.46 

1.45 

1.45 

1.45 

1.65 

1.55 


1.5 

1.5 

L6 

1.5 

1.5 

LC 

1.5 

1.5 

1.65 

LS 

1.5 

1.6S 

1.5 

1.5 

1.C 

1.6 

L5 

LS 

1.5 

1.5 

L» 

1.5 

1.5 

L« 

1.5 

1.5 

1.6 

1.5 

1.5 

l.« 

1.5 

1.5 

1.7 

1.5 

1.5 

1.5 

1.5 

1.6 

L5 



1.5 

LS 

L5 

1.5 

1.6 

1.5 

1.5 

1.5 

1.5 

L6 

1.65 

L5 

L55 

1.5 

1.55 

L5 



1.55 

L5 

1.65 

1.5 

L55 

L5 



1.5 

1.5 

1.5 

1.5 



1.5 

1.5 

1.5 

1.55 



1.5 

1.55 

1.5 

Note.— River  froaen  over  January  1  to  February  28,  and  December  12  to  31. 
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Slaiian  rating  idUe  for  Teton  River  near  Si.  Anthony,  Idaho,  from  January  1  to  December  31 , 

1906. 


Gage 
hef^it. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Feei. 

Second-feet. 

Second-feet. 

Feet. 

Fea. 

Second-feet 

L30 

253 

1.90 

610 

2.50 

1,024 

3.00 

1,417 

1.40 

310 

2.00 

674 

2,60 

1,100 

3.10 

1,500 

1.50 

368 

2.10 

740 

2.70 

1,177 

3.20 

1,584 

1.60 

427 

2.20 

806 

2.80 

1,255 

3.30 

1,660 

1.70 

487 

2.30 

878 

2.90 

1,335 

3.40 

1,755 

1.80 

548 

■ 

1    ^" 

950 

The  above  table  is  strictly  applicable  onl v  for  open-channel  conditions.    It  is  based  on  five  discharge 
measarrments  made  during  1905.    It  is  well  defined  between  gage  heights  1.5  feet  and  3.1  feet. 

Estimated  monthly  discharge  of  Teton  River  near  St.  Anthony,  Idaho,  for  1906. 
[Drainage  area,  960  square  mites.] 


Month. 


March 

April 

May 

Jane 

July 

August 

September 

October 

November 

December  l-ll . 


The  period . 


Discharge  in  second-feet. 


Maximum. 


806 

610 

1,458 

1,755 

1,062 

487 

457 

308 

398 

487 


Minimum. 


253 
310 
579 
950 
487 


Mean. 


438 
416 
902 
1,301 
710 
448 
394 
374 
370 
438 


ToUl  In 
acre-feet. 


26,930 
24,750 
55,460 
77,420 
43,660 
27,550 
23,440 
23,000 
22,020 
9,556 


333,800 


Run-off. 


Second-feet 

per  sauare 

mile. 


0.456 
.433 
.940 

1.36 
.740 
.467 
.410 
.390 
.385 
.456 


Depth  in 
inches. 


0.526 
.483 
1.06 
1.52 
.853 
.538 
.457 
.450 
.430 
.187 


Note.— No  estimate  for  loe  period. 


SOUTH  FORK  OF  SNAKE  RIVER  AT  MORAN,  l^^YO. 

This  station  was  established  September  21,  1903,  by  Fred  Stockton.  It  is  located 
directly  back  of  the  post-office  at  Moran,  Wyo.,  and  about  three-fourths  of  a  mile  below 
the  outlet  of  Jackson  Lake. 

The  channel  is  slightly  curved  for  about  300  feet  above  the  station.  Below  the  station 
the  channel  is  straight.  At  and  above  the  station  the  current  is  smooth  and  has  a  well- 
distributed  velocity.  Below  the  station  the  current  is  broken  by  small  bowlders.  Both 
banks  are  high  and  are  not  liable  to  overflow.  The  right  bank  is  wooded  and  the  left  bank 
is  composed  of  gravel  and  is  without  trees.  The  bed  of  the  stream  is  composed  of  firm 
gravel.    There  is  but  one  channel  at  all  stages. 

Discharge  measurements  are  made  from  a  cable  and  car  about  150  feet  below  the  gage. 
The  initial  point  for  soundings  is  on  the  inner  face  of  cable  support  on  north  side  of  river. 

The  gage  is  an  inclined  staff.  During  1905  it  was  read  once  each  day  by  Lizzie  Roche  and 
Maria  Allen.  The  bench  mark  is  a  United  States  Geological  Survey  iron  bench-mark  post 
set  about  30  feet  from  the  gage;  elevation,  10.77  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 


Description:  100,  p  452;  135,  pp  179-180. 
Discharge:  100,  pp  452, 461;  135,  p  180. 
Discharge,  monthly:  135,  p  181. 
Gage  heights:  100,  p  453;  135,  p  180. 
Rating  Uble:  135,  p  181. 
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Discharge  mecuturemenUt  of  South  Fork  of  Snake  River  at  Moran,  Wyo.,  in  1905, 


llydrographer. 


Julys K.  (\  La  Rue 

August  19 Churles  B.  Smith. 


Width. 

Area  of 
section. 

Mean 
velocity. 

Feet. 
2Q2 

196 

910 
496 

Feet  per 
second. 

aoo 

1.69 

Gi 
hdgl 


ace    '     Dis- 
ignt.  I  chansr. 


'  SectMd- 
Feet.         feet. 
4. 10  3,271 

1.75  I  837 


Daily  gage  height,  infect,  of  South  Fork  of  Snake  River  at  Moran,  Wyo.,for  1906. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

H 

15 

10 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

2.S 

29 

30 

31 

Note.— No  ice  rt-cord. 


Jan.  1 

Feb. 
1.3 

Mar. 

Apr. 
1.25 

May. 
1.65 

June. 

July. 

Aug. 

Sept. 
1.6 

1  Oct. 

1 

1     1.2 

Nov. 

a9 

'd«. 

0.9 

I    1.2 

4.05 

4.2 

2.35 

1 

1      ^^ 

•»  ! 

1.3 

1.2 

1.25 

1.65 

4.2 

4.15 

2.35 

1.6 

1.2 

.9 

.9  i 

1.3 

1    1.15 

1.25 

1.65 

4.3 

4.1 

2.3 

1.55 

1.2 

1        .9 

.9 

1.3 

1.15 

1.25 

1.65 

4.35 

4.1 

2.3 

1.5 

1.16 

'        .9 

1       •» 

.9 

1.3 

1.15 

1.25 

1.7 

4.4 

a95 

2.25 

1.5 

1.15 

.9 

1       "^ 

.9 

1.3 

1.15 

1.25 

1.7 

4.45 

3.95 

2.25 

1.5 

1.15 

•« 

.9 

1.25 

1.15 

1.25 

1.7 

4.6 

3.9 

2.25 

1.5 

1.16 

.« 

1        .9 

.9 ; 

1.25 

1.15 

1.25 

1.75 

5.0 

3.8 

2.25 

1.45 

1.15 

.9 

1         « 
1        •» 

-9  : 

1.25 

1.15 

1.25 

1.8 

5.1 

3.7 

2.2 

1.45 

1.1 

.9 

1        •' 

•^ 

1.25 

1.15 

1.25 

1.85 

5.15 

a55 

2.2 

1.45 

1.1 

.9 

1        •* 

.9 

1.2 

1.15 

1.25 

1.9 

5.05 

3.5 

2.2 

1.45 

1.1 

.9 

! 
1 

.9  I 

1.2 

1.15 

1.2.5 

1.9 

5.05 

a4 

2.2 

1.4 

1.1 

.9 

1          J 

.9 

1.2 

1.15 

1.25 

1.9 

5.0 

a35 

2.0 

1.35 

1.1 

.9 

1        -9 

.9| 

1.2 

1.15 

1.25 

1.95 

5.05 

a3 

1.9 

1.3 

1.1 

.9 

.9| 

1.2 

1.15 

1.3 

1.95 

5.15 

a25 

1.85 

1.3 

1.1 

.9 

.9  ' 

1.2 

1.15 

1.3 

1.95 

5.1 

3.25 

1.85 

1.25 

1.1 

.9 

.9  1 

1.2 

1.15 

1.35 

2.0 

5.1 

a25 

1.85 

1.25 

1.1 

1.0 

1        .9 

•»1 

1.2 

1.15 

1.35 

2.1 

5.05 

a  15 

1.75 

1.25 

1.1 

1.0 

1        •« 

.9  1 

1.2 

1.15 

1.4    ' 

2.3 

5.0 

ai 

1.75 

1.2 

1.2 

.9 

1         9 

.9  , 

1.2 

1.15 

1.4 

2.3 

4.85 

ao5 

1.75 

1.2 

1.1 

.9 

.9  ' 

1.2 

1.2 

1.4 

2.3 

4.65 

2.9 

1.75 

1.2 

1.1 

.9 

.9 

1.2 

1.2 

1.45 

2.4 

4.5 

2.9 

1.75 

1.2 

1.1 

.9 

.9 

1.2 

1.25 

1.4.5 

2.4.5 

4.45 

2.8 

1.7 

1.2 

1.1 

.9 

.9 

1.2 

1.25 

1.45 

2.5 

4.35 

2.7 

1.7 

1.2 

1.1 

.9 

.9 

.9 

1.2 

1.2.') 

1.5    ! 

2.55 

4.35 

2.6 

1.7 

1.2 

1.05 

.9 

9 

u 

1.2 

1.25 

1..5.5 

2.6 

4.35 

2.55 

1.7 

1.2 

1.05 

.9 

1.0  ' 

1.2 

1.25 

1.5.5 

2.7 

4.35 

2.55 

1.75 

1.25 

1.05 

.9 

1.1 

1.2 

1. 25 

1.6 

3.0 

4.35 

2.55 

1.7 

1.25 

1.0 

.9 

1.2 

1.2,5 

1.6    . 

3.05 

4.3 

2.45 

1.7 

1.25 

1.0 

.9 

1.2 

1.25 

l.fi.5  J 

a  35 

4.25 

2.4.5 

1.65  1 

1.25 

1.0 

.9 

1.3 

1.25 

3.8 

2.4 

1.65 ; 



1.0 
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<(alion  rating  table  for  South  Fork  of  Snake  River  at  Moran,   Wyo.,  from  Januarif  1  to 

December  SI,  1905. 


Gage 
heiiht. 

Discharge. 

he'i^t. 

Discharge.  ^ 

Gage 
height. 

Discharge. 

Gacc 
height. 

Discharge. 

Fret. 

Second-feet.^ 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0-00 

107 

1.40 

653 

2.70 

1,679 

4.00 

3,145 

0.10 

126 

1.50 

719    ' 

2.80 

1,772 

4.20 

3,420 

0.20 

147 

1.60 

788    ' 

2.90 

1,868 

4.40 

3,715 

0.30 

171 

1.70 

859    1 
932 

3.00 

1,967 

4.60 

4,130 

0.40 

197    ' 

1.80 

3.10 

2,070 

4.80 

4,365 

O.oO 

225    , 

1.90 

1,007    ' 

3.20 

2,176 

1        5.00 

4,720 

0.60 

250 

2.00 

1,064    1 

3.30 

2,285 

1        5.20 

5,080 

0.70 

291     1 

2.10 

1,163    , 

3.40 

2,400 

1        5.40 

5,450 

0.«0 

330 

2.20 

1,244 

3.50 

2,515 

5.60 

5,830 

0.90 

374    ' 

2.30 

1,3.7    1 

2.60 

2,635 

'        5.80 

6,220 

1.00 

422 

2.40 

1,412    1 

3.70 

2,760 

6.00 

6,620 

1.10 

474    ' 

2.50 

1,499 

3.80 

2,885 

1        6.20 

7,025 

1.20 

530    i 

2-60 

1,588 

3.90 

3,015 

6.40 

7,440 

1.30 

590 

1 
1 

The  above  table  is  applicable  only  for  open-chaniiel  conditions, 
iiipnts  made  during  1903-1905.    It  is  not  well  defined. 


It  is  based  on  six  discharge  measure- 


Etstimated  monthly  discharge  of  South  Fork  of  Snake  River  at  Moran,  H't/o.,  for  1005. 
[Drainage  area,  820  square  miles.] 


Month. 


Januar>' 

February 

March 

April 

May 

June 

July 

August 

September 

Ot'tober 

November 

December 

The  year 


Dischai^  in  second-feet. 


Maximum. 

590 

590 

560 

824 

2,885 

4,990 

3,420 

1,370 

788 

530 

422 

374 


Minimum.      Mean. 


Total  in 
acre-fcrt. 


374 
530 
502 
560 
824  I 
3,212  I 
1,412  I 
824 

«o' 

422  ' 

374 ; 

374 


397 


,T    ! 


547  ' 

522  I 

630  , 

1,273  , 

4,175 

2,352  ' 

1,014  ' 

619  I 

475  I 

377  I 

374 


4,990  : 


374 


24,410 
30,380 
32,100 
37,490 
78,270 
2vS.  400 
144,600 
62,350 
36,830 
29,210 
22,430 

23,000 

I 

769,500  i 


Run-olT. 
Sccond-fwt  TA„.,*K8„ 


0.484 
.667 
.637 
.768 
1.55 
5.09 
2.87 
1.24 
.755 
.579 
.460 
.456 

1.30 


0.558 
.695 
.734 
.857 
1.79 
5.68 
3.31 
1.43 
.842 
.608 
.513 
.526 

17.60 


SOUTH  FORK  OP  SXAKE  UIVEU   NEAR   LYON,  IDAHO. 

This  station  was  established  April  18,  1903,  by  N.  S.  Dils.  It  is  located  at  tlu*  old  site 
of  Wedekind's  ferry,  between  Lyon  and  Swan  Valley  at  the  upper  end  of  Conant  Valley. 
It  is  about  45  miles  from  Idaho  Falls,  Idaho. 

The  channel  is  straight  above  and  below  the  station  and  the  current  is  swift.  The  right 
l«nk  is  high  and  steep  and  will  not  overflow.  At  very  high  stages  the  left  bank  will 
overflow  for  a  considerable  distance  and  some  water  will  pass  around  the  station  through 
a  slough.  The  bed  of  the  stream  is  composed  of  hard  gravel  and  is  free  from  vegetation 
*nd  permanent. 
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Dischai^  measurements  are  made  from  a  cable  and  car  at  the  old  site  of  WedekindV 
ferry.  A  tag;^  wire  has  been  installed  at  the  cable.  The  initial  point  for  soundings  is 
the  pin  in  the  top  of  a  log  of  the  crib  cable  support  on  the  left  bank. 

The  gage  is  an  inclined  staff,  located  on  the  north  bank  one-fourth  mile  below  Carr'i 
ferry  and  1  mile  above  the  cable.  During  1905  the  gage  was  read  once  each  day  by  0.  J. 
Carr.  Bench  marks  were  established  as  follows:  (1)  A  United  States  Geological  Survey 
iron  bench-mark  post  set  about  6  feet  from  the  gage;  elevation,  11.15  feet.  (2)  A  United 
States  Geological  Survey  aluminum  tablet  set  in  a  rock  on  the  left  bank  about  100  feet 
above  Carr's  feny  landing  and  about  6  feet  above  high-water  mark;  elevation,  10.44  feet. 
This  bench  mark  is  for  use  in  high  water  when  ferry  service  is  discontinued.  Elevatioos 
refer  to  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Dfucription:  lOO,  pp  UShi&O;  135,  p  182. 
Discharge:  100,  p  450;  135,  p  183. 
Discharge,  monthly:  100,  p  452;  135,  p  184. 
Oage  heights:  100,  pp  450-451;  135,  p  183. 
Rating  table:  100,  p  451;  135,  p  184. 

Discharge  meaxurementa  of  South  Fork  of  Snake  River  near  Lyon,  Idaho ,  in  1905. 


] 


Date. 


Hydrographer. 


April  15.... 
May  14. ... . 

June  25 do 

June  26 • do 

July  14 ! do 

September  9.. .' do 

November  15. do 


E.C.LaUue. 
....do 


Width. 

Area  of 
section. 

Mean 
velocity. 

Feet. 

SqvMte 
Jeet. 

Feet  per 
second. 

260 

1,500 

2.37 

265 

1,642 

3.00 

283 

2,063 

6.73 

283 

2,063 

5.88 

269 

1,729 

4.53 

258 

1,341 

2.23 

251 

1,275 

1.76 

Gage 
height. 


Daily  gage  height^  inftet,  of  South  Fork  of  Snake  River  near  Lyon^  Idaho^for  1906. 


Day. 


1 

2 1   ... 

;r. 1 

4 ' 

5 1... 

6 1 

8 .... 

9 1 

.0 1 

11 

12 

13 1 

14 !--. 

15 

i:v'> 

16 

1.35 

17 

1.4 

18 

1  45  ! 

19 

1.45  t 

20 

1.45  1 

21 

1.45  ' 

Apr. 


1.3 

1.3 

1.3 

1.3 

1.3 

1.35 

1.5 

1.8 

1.9 

2.0 

1.8 

1.7 

1.75 

1.9 

1.8 

1.9 

1.9 

1.85 

1.9 

2.1 

2.15 


May. 


June.  I   July. 


5.0 

5.3 

5.5 

5.8 

5.9 

6.7 

5.35 

5.7 

6.1 

6.0 

5.6 

5.4 

5.55 

5.85 

5.95 

5.9 

5.65 

5.5 

5.1 

4.85 

4.7 


4.75 

4.7 

4.5 

4.45 

4.4 

4.3 

4.25 

4.2 

4.15 

4.05 

4.0 

3.9 

3.85 

3.75 

3.7 

3.65 

3.5 

3.35 

3.25 

3.2 

3.15 


Aug. 

Sept. 

Oct. 

2.5 

1.7 

1.6 

2.45 

1.65 

1.46 

2.35 

1.6 

1.4 

2.35 

1.65 

1.36 

2.3 

1.6 

1.36 

2.3 

1.6 

1.3 

2.25 

1.55 

1.3 

2.2 

1.65 

1.3 

2.1 

1.5 

1.3 

2.1 

1.5 

1.3 

2.05 

1.5 

1.3 

2.05 

1.45 

1.3 

2.05 

1.45 

1.3 

2.05 

1.4 

1.29 

2.0 

1.4 

1.25 

1.9 

1.35 

1.25 

1.85 

1.35 

1.25 

1.8 

1.35 

1.3 

1.8 

1.3 

1.26 

1.75 

1.3 

1.2 

1.7 

1.3 

1.2 

Nov. 

1.16 
1.16 
1.16 
1.15 
1.15 
1.15 
1.1 
1.1 
1.1 
1.05 
.96 
.96 
1.0 
1.06 
1.0 
1.06 
.96 
.95 
.96 
.9 
.9 


Dec. 

0.8S 
.8 
.9 
.9 
.9 
.7 
.7 


.6 
.6 
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DaUy  gage  height^  in  feet^  ofSotUh  Fork  of  Snake  River  near  Lyon,  Idaho ,  for  1906 — Continued. 


Day. 


Mar.   I    Apr.       May.  |  June.     July.  I    Aug.      Sept 


I 


22 
23 
24 
25 
2ii 
77 
28. 
29 
30 
31. 


1.4 

2.2 

3.85 

4.7 

3.1 

1.7 

1.35 

2.25 

3.8 

4.9 

2.95 

1.75 

1.35 

2.4 

3.75 

4.85 

2.9 

1.75 

1.3    , 

2.5 

3.75 

4.85 

2.85 

1.75, 

1.3    1 

2.7 

3.95 

4.9 

2.8 

l.S 

1.46 

2.8 

4.2 

5.1 

2.75 

1.75  1 

1.4 

2.65 

4.6 

5.15 

2.65 

1.75 

1.35 

2.5 

4.65 

5.05 

2.6 

1.75 

1.35  I 

2.5 

4.6 

4.85 

2.5 

1.75 

1.35    . 

1 

.r 

2.5 

1.75 

1.3 

1.25 

1.3 

1.35 

1.3 

1.3 

1.3 

1.35 

1.5 


Oct. 


Nov.        Dec. 


0.95 
.95 
.95 
.95 
.95 
.95 
.95 
.9 
.85 


NoTB.— River  goiged  with  ice  December  14-31. 


Station  rating  table  for  South  Fork  o/*  Snake  River  near  LyoUj  Idaho,  from  March  15  to 

December  13,  1906. 


Gase 
hciSt 

Feet. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

Discharge . 
Second-feet. 

Feet. 

Second-feet. 

Feet. 

0.50 

1,800    I 

1.70 

3,320 

2.90 

5,750 

4.00 

8,760 

0.60 

1,900 

1.80 

3,495 

3.00 

5,980 

4.20 

9,420 

0.70 

2,005 

1.90 

3,680 

3.10 

6,220 

4.40 

10,150 

0.80 

2,115 

2.00 

3,870 

3.20 

6,470 

4.60 

10,920 

0.90 

2,225    1 

2.10 

4,065    1 

3.30 

6,730 

4.80 

11,710 

1.00 

2,340    ; 

2.20 

4,265 

3.40 

7,000    1 

5.00 

12,520 

1.10 

2,460 

2.30 

4,465 

3.60 

7,280 

5.20 

13,370 

1.20 

2,585    1 

2.40 

4,670 

3.60 

7,560 

5.40 

14,290 

1.30 

2,715    1 

2.50 

4,880 

3.70 

7,850 

5.60 

15,270 

1.40 

2,855 

2.60 

5,090    1 

3.80 

8,150 

5.80 

16,280 

1.50 

3,000 

2.70 

5,310    1 

3.90 

8,450 

6.00 

17,320 

1.60 

3,155 

2.80 

5,530    , 

1 

The  above  table  is  applicable  only  for  open*channel  conditions, 
menu  made  during  1903-1005.    It  is  well  defined. 


It  is  based  on  discharge  measum- 


Estimated  monthly  discharge  of  South  Fork  Snake  River  near  Lyon,  Idaho,  for  1906. 
[Drainage  area,  5r,480  square  miles.] 


Month. 


March  15-31.... 

AprU 

May 

June 

July 

August 

September 

October 

November 

December  1-13. 


Discharge  in  second-feet. 


Maximum. 


2,928 
5,530 
11,310 
17,850 
11,510 
4,880 
3,320 
3,000 
2,522 
2,225 


Minimum. 


2,716 
2,715 
5,090 
11,310 
4,880 
3,320 
2,650 
2,522 
2,170. 
1,800 


The  period. 


1KB  178—06 8 


Mean. 


2,831 
3,821 
7,124 
14,220 
7,675 
3,848 
2,900 
2,681 
2,354 
2,058 


Run-off. 


Total  in 
acre-feet. 


95,460 
227,400 
438,000 
846,200 
471,900 
236,600 
172,600 
164,800 
140,100 

53,070 

2,846,000 


Second-feet 

per  square  t 

mile.       I 

0.517  I 

.697, 

1.30 

2.69  I 

1.40  I 

.702  I 

.529  I 

.489  I 

.430  . 

.376  ' 


Depth  in 
inches. 


0.327 
.778 
1.50 
2.89 
1.61 
.809 
.590 
.564 
.480 
.182 
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BLACKFOOT  RIVER  NEAR  PRESTO,  IDAHO. 

Thb  station  was  established  April  17,  1903,  by  N.  S.  Dils.  It  is  located  on  the  rmncfa  ol 
James  Just,  2  miles  west  of  Presto  and  about  15  miles  from  Blackfoot,  Idaho. 

The  current  is  sluggish.  The  banks  are  high  and  wooded  and  will  not  overflow.  The 
bed  of  the  stream  is  composed  of  gravel  and  is  free  from  vegetation  and  permanoDi. 

Dischaige  measurements  are  made  from  a  cable  and  car  located  about  one-fourth  mil(> 
below  the  gage.  The  initial  point  for  soundings  is  a  tag  marked  "I.  P."  fastened  to  th« 
inner  face  of  the  cable  support  on  the  west  bank. 

The  gage  is  an  inclined  staff.  During  1905  the  gage  was  read  once  each  day  by  James 
Just.  The  bench  mark  b  a  copper  plug  set  in  the  comer  stone  of  Mr.  Just's  brick  bouse; 
elevation,  12.18  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papen 
of  the  United  States  Geological  Survey: 

Description:  100,  p  447;  135,  p  im. 
Discharge:  100,  p  447;  135,  p  186. 
Gage  heights:  100,  p  448;  135,  p  187. 

Discharge  measurements  of  Bladcfooi  River  near  Presto y  Idaho ^  in  1905. 


Date. 

Hydrographer. 

April  16 

May  19 

Junes 

July  9. 

E.  C.  La  Rue 

do 

do 

do 

Width. 


Feet. 
54 
55 
52 
53 


Area  of 
section. 


Mean 
velocity. 


Smtare  '  Feet  per 
feet.     \  second. 


197 
170 
145 
105 


1 


2.23 
1.63 
1.41 
.90 


Gace 
height. 


Feet. 

2.20 

1.50 

1.00 

.30 


Di*- 
charjjp. 

Seand- 
ftei. 

a* 

SI 


Daily  gage  lieight,  in  feet,  of  Blackfoot  River  near  Presto,  ldiho,for  1905. 


Day. 


Mar. 


Apr. 


1 1 

\ 1 

1                                   1 

>..,. 

0.9    1 
.9 

1.0    1 
1.0    ! 
10    > 

J 

r  .    .. 

i 

> 

) 

.9 

.8 



> 

1.0 

{ 

.9 

I 

1.05  1 

1.2    ' 

1.3 

1.3 

1.45 

1.7    , 

1.6 

1.6 

1.65 

1.5 

1.5 



r 

1 



) 





1.4 

1.4 

1.45 

1.6 

1.6 

1.7 

1.85 

2.1 

2.25 

2.2 

2.2 

2.1 

2.0  I 
2.1 

2.1  I 
2.15 
2.2.')  1 

2.2  ' 

2.3  I 
2.3 

2.4  I 

2.5  I 
2.5  I 
2.4    I 


May.   I  June. 


2.1 

2.1 

2.35 

2.5 

2.85 

2.9 

2.8 

2.55  I 

2.25 

2.1 

2.15  I 

2.1    ! 

2.ft5  ' 

2.0    ' 

1.9 

1.7 

1.65 

1.45  . 

1.5 

1.5    ' 

1.5 

1.5 

1.5 

1.45 


1.2 

1.2 

1.15 

1.15 

1.1 

1.1 

1.0 

1.0 

1.0 

.9 

.9 

.9 
1.0 
1.0    I 

1.0    I 

I 
1.0    , 

.9    , 


.8    I 

•8 ; 

.8    ' 
.8 


July. 

0.5 
.6 
.4 
.4 
.4 
.35 
.35 
.3 
.3 
.3 
.3 
.3 
.25 
.25 
.25 
.25 
.2 
.2 
.2 
.2 
.3 
.3 
.2 
.2 


I 
Aug.    I  Sept.       Oct. 


0.1 
.1 
.1 
.05 
.05 
.05 
.1 
.1 
.1 
.1 
.15 
.15 
.15 
.15 
.15 
.15 
.2 
.2 
.2 
.2 
.2 
.2 
.25 

2.65  I 


0.25 
.26 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.25 
.25 
.25 
.25 
.3 
.3 


Nov. 


a55 

.6 

.6 

.5 

.5 

.55 

.6 

.6 

.5 

.6 

.6 

.6 

.6 

.6     j 

.55  I 

.6    I 

.6    I 

.6    I 


.65  ' 

•«l 

.65  ; 

.7 
.7    i 


.65, 
.65  , 
.6    I 
.7 
.7 

.7    ! 
.7 

.6    I 
.6    I 

:l\ 
•« , 

:;; 

.7    ' 

.6 

.7 

.75 

.75 


D«. 

a5 
.4 

.e 
.is 

.8 
.9 


.9 

.96 
LO 
1.0 
LO 

.8 

.7 

.9 

.9 
LO 
1.06 
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Daily  gage  height j  infeetj  of  Blackfoot  River  near  Preato^  Idaho ^  for  1906 — Continued. 


Day. 


Mar.       Apr.      May.      June.     July. 


25 1.4 

36 1.55 

27 1.7 

2S I  1.7 

29 1.7 

3D 1.75 

31 1.6 

Note.— No  ice  record. 


2.4    ' 

1.45 

a7 

0.2 

2.4 

1.4 

.7 

.2 

2.4 

1.4 

.65 

.2 

2.4 

1.3 

.65 

.2 

2.4 

1.3 

.65 

.2 

2.25 

1.3 

.65 

.15 

1.25 



.15 

Aug. 

Sept. 

1.3 

0.3 

.5 

.35 

.4 

.35 

.3 

.4 

.3 

.5 

.3 

.5 

.25 

Oct. 

0.7 
.7 
.7 

.7 
.7 
.7 
.7 


Nov.       Dec. 


0.8 
.8 
.7 

^7 


1.0 

1.0 

1. 1 

1.0 

1.0 

1.0 

Station  rating  table  for  Blackfoot  River  near  Presto,  Idaho,  from  January  i,  1904,  to  December 

SI,  1905, 


Gage 
height. 

Discharge. 

Gaee 
height. 

Discharge. 

Gage 
height. 

Discharge. 

height. 

Discharge. 

i      Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second- feet. 

Feet. 

Second-feet. 

aoo 

50 

1.40 

260 

2.80 

577 

4.40 

1,155 

.10 

70 

1.50 

287 

2.90 

606 

4.60 

1,240 

.20 

82    ' 

1.60 

306 

3.00 

636 

4.80 

1,340 

.30 

94 

1.70 

325 

3.10 

668 

6.00 

1,440 

.40 

107    ' 

1.80 

345 

3.20 

701 

5.20 

1,540 

.50 

121 

l.m 

365 

a30 

735 

5.40 

1,640 

.60 

135 

2.00 

386 

3.40 

770 

5.60 

1,760 

.70 

150 

2.10 

407 

3.50 

805 

5.80 

1,880 

.80 

166    1 

2.20 

429 

3.60 

840 

,        6.00 

2,000 

.90 

182    ^ 

2.30 

451 

3.70 

875 

6.20 

2,120 

1.00 

199 

2.40 

474 

3.80 

915 

6.40 

2,240 

1.10 

216 

2.50 

496 

3.90 

955 

6.60 

2,380 

1.20 

233 

2.00 

523 

4.00 

995 

'        6.80 

2,520 

1.30 

251 

2.70 

549 

4.20 

1,075 

7.00 

2,660 

The  al>ove  table  is  applicable  only  for  opon-channel  conditions.    It  is  based  on  discharge  measure- 
ments made  during  1904-5.    It  is  well  defined  Ix'twcen  gage  heights  0.3  foot  and  2.7  feet. 

Estimated  monthly  discharge  of  Blackfoot  River  near  Presto,  Idaho,  for  190 4  and  1905. 
[Drainage  area,  1.016  square  miles.] 


Month' 

Dischtti 
Maximum. 

975 
216 
182 
216 
269 
269 
269 

•ge  in  secom 
Minimum. 

l-fwt. 
Mean. 

536 
179 
161 
198 
251 
230 
238 

Total  in 
acro-fpet. 

Run-off. 
Second-feet '  r..j^  j 

1904. 
Jane 

233 
150 
150 
182 
216 
216 
216 

31,890 
11,010 

9,900 
11,780 
15,430 
13,680 

4,721 

98,410 

0.528 
.176 
.158 
.195 
.247 
.226 
.234 

0.589 

July 

203 

.  182 

September 

October 

November 

December  l-lO 

.218 
.285 
.252 
.087 

The  period 
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Estimated  monthly  discharge  of  Blackfoot  River  near  Presto,  Idaho,  for  1904.  and  1905- 

Continued. 


Month. 


1905. 


March  5-31. 

April 

May 

June 

July 

August 

September. . 

October 

November., 
December.. 


Discharge  in  second-feet. 
Maximum. 


335 
498 
606 
233 
121 
536 
121 
150 
166 
216 


The  period - 


Minimum. 


166 
260 
242 
142 
76 
64 
82 
121 
121 
107 


Mean. 


256 
412 
368 
183 

91.2 
100 

89.0 
138 
145 
177 


ToUlin 
acre-feet. 


13,710 
24,520 
22,630 
10,890 
5,006 
6,149 
5,296 
8,485 
8,628 
10,880 


116,800 


Run-oll. 


Second-feet' 

per  square! 

mile. 


Depth  in 
inebes. 


0.252 
.406  I 
.362  i 
.180 

.000 ! 

.008  ; 

.068 

.136 

.143! 

.174 


a2S3 
.452 

.417 
.201 
.104 
.113 

.m 
.15: 

.160 
.301 


Note.— No  estimate  for  Ice  period. 

BIG  L.OST  RIVER  NEAR  MACKAY,  IDAHO. 

This  station  was  established  November  12,  1903,  by  Fred  Stockton.  It  is  located  3^ 
miles  above  Mackay,  Idaho,  above  "The  Narrows." 

The  channel  of  the  stream  is  slightly  curved  both  above  and  below  the  station,  llie 
south  bank  is  steep  and  high  and  does  not  overflow;  the  north  bank  slopes  gradually  an^ 
will  overflow  during  high  water. 

Discharge  measurements  are  made  from  a  cable.  The  initial  point  for  soundings  b  a  tin 
tag  marked  "I.  P."  on  the  inside  face  of  cable  support  on  north  bank  of  stream. 

A  permanent  gage  was  set  November  3,  1904,  at  *'Tho  Narrows,"  about  a  mile  bekm 
the  cable.  It  is  located  back  of  Joseph  Cresto's  house  and  consists  of  a  post  set  verticaUj 
and  securely  anchored.  During  1905  the  gage  was  read  once  each  day  by  Joseph  Cresto. 
The  bench  mark  is  a  United  States  Geological  Survey  iron  bench-mark  post  set  about  15 
feet  from  the  gage;  elevation,  9.83  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papen> 
of  the  United  States  Geological  Survey: 

EKJscription:  100,  p  447;  135,  pp  187-188. 
Discharge:  135,  p  188. 
Discharge,  monthly:  135,  p  189. 
Gage  heights:  100,  p  447;  135,  p  188. 
Rating  table:  135,  p  189. 

Discharge  measurements  of  Big  Lost  River  near  Mackay,  Idaho,  in  1906. 


Date. 


Uydrographer. 


April  18 '  E.  C.  La  Rue. 

May  i?i.. I do 

Jufie  10. .„..,.! do 

T  uly  U . I do 

BeptflTiitwr  21  ..I do 

No^omtteraa do 


Width.l 


Feet, 
37 
37 
51 
44 
37 
38 


Area  of 
'  secUon. 

Mean 
velocity. 

Gage 
hei^t. 

Pis- 
chargf. 

Square 
feet. 

Feet  per 
second. 

Feet. 

aeeondr 
feet. 

74 

1.84 

2.50 

IX> 

72 

1.72 

2.45 

124 

193 

6.12 

6.15 

«: 

151 

4.17 

4.10 

639 

89 

1.75 

2.65 

1^ 

93 

1.89 

2.80 

176 
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DaUy  gage  height,  in  feet,  of  Big  Lost  River  near  Mackayj  Idaho,  for  1905. 


Day. 


Jan. 


Feb. 


1. 
2. 
3. 
4. 

fi. 

7. 

8. 

9. 
10 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19 
30. 
21 
22. 
23. 
24 
25. 
2R 
27. 
28. 
29. 
30. 
31. 


2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 


2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 


Mar. 


2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 


Apr.     May. 


2.6 

2.6 

2.6 

2.55 

2.55 

2.55 

2.55 

2.55 

2.55 

2.55 

2.55 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 


2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.« 

2.5 

2.5 

2.5 

2.5 

2.45 

2.45 

2.45 

2.45 

2.45 

2.45 

2.46 

2.45 

2.5 

2.55 

2.55 

2.55 

2.55 

2.55 

2.65 

2.9 

3.1 

3.3 


June.    July. 


3.9 

4.3 

4.5 

4.5 

4.8 

4.85 

4.6 

4.5 

5.0 

5.15 

4.8 

5.2 

5.35 

5.4 

5.2 

4.05 

4.95 

4.9 

4.5 

4.5 

4.5 

4.8 

5.0 

4.9 

4.76 

4.6 

4.6 

4.6 

4.4 


4.5 

4.6 

4.4 

4.35 

4.3 

4.3 

4.3 

4.3 

4.25 

4.25 

4.1 

4.05 

4.0 

3.85 

3.7 

3.7 

3.6 

3.56 

3.5 

3.46 

3.4 

3.4 

3.45 

3w4 

3.4 

3.35 

3.3 

3.3 

3.3 


4.4    I    3.25 
'    3.2 


Aug. 


3.15 

3.1 

3.1 

3.1 

3.05 

3.06 

3.05 

3.05 

3.05 

3.0 

3.0 

3.0 

2.95 

2.95 

2.9 

2.0 

2.9 

2.9 

2.9 

2.9 

2.9 

2.85 

2.85 

2.85 

2.8 

2.8 

2.8 

2.8 

2.8 

2.76 

2.75 


Sept.     Oct 


2.76 

2.75 

2.75 

2.75 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.65 

2.66 

2.66 

2.65 

2.65 

2.66 


2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.76 

2.75 

2.75 

2.76 

2.76 

2.75 

2.75 

2.76 

2.75 

2.75 

2.75 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 


Nov. 


2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 


Dec. 


2.8 

2.8 

2.8 

2.8 

2.75 

2.76 

2.75 

2.76 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.76 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 


NoTB.— No  Ice  record. 

Station  rating  table  for  Big  Lost  River  near  Mackay,  Idaho j  from  January  1  to  December  Sl^ 

1906. 


Gage 
hei^t. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
i   height. 

Feet. 

Discharge. 

Feet. 

Feet. 

Second^eet. 

Feet. 

Second-feet. 

2.50 

129 

3.30 

313 

4.10 

502 

4.80 

868 

2.60 

145 

3.40 

345 

4.20 

630 

4.90 

909 

2.70 

163 

3.50 

378 

4.30 

660 

5.00 

960 

2.80 

183 

3.60 

412 

4.40 

706 

6.10 

992 

2.00 

205 

3.70 

447 

4.60 

748 

5.20 

1,034 

XOO 

229 

3.80 

482 

4.60 

788 

6.30 

1,077 

3.10 

255 

aoo 

518 

4.70 

828 

5.40 

1,120 

3.20 

! 

283 

4.00 

555 

1 

1 

The  above  table  is  applicable  only  for  open-channel  conditions, 
ments  made  during  19(m-5.    It  is  well  defined. 


It  is  based  on  discharge  measure- 
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EfttimaUd  moiMy  discharge  of  Big  Lost  River  near  Madcay,  Idaho,  for  J9(^. 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

8eplenil»er 

Octolier 

November 

Deceml)er 

The  year 


Discharge 

in  socond-fect. 

Total  tti 

Maximum. 

Minimum. 

Mean. 

163 

154 

1 
161  ^ 

»,9O0 

154 

145 

151  , 

8.5*-. 

145 

145 

145' 

*,9K 

145 

129 

133 

7,914 

313 

122 

142 

g,731 

1,120 

518 

847  1 

50.#»' 

788 

283 

489 

3O,0:t> 

969 

173 

214 

13,  W) 

173 

154 

161 

9.58D 

183 

1A3 

175 

10,T»n 

183 

183 

183 

lO.W) 

183 

163 

172 

10,  sm 

1,120 

122 

248 

1 

m,3(B 

BIG  LOST  ri\t:r  near  ctiillt,  iixaho. 

This  station  was  established  April  25,  1904,  by  Fred  Stockton.  It  is  located  at  Frank 
Uehren's  ranch,  about  25  miles  upstream  from  Mackay,  7  miles  from  Chilly,  and  about  3 
miles  above  Kinickinick  Ppint.     This  ranch  is  the  last  one  on  the  east  bank. 

The  channel  is  straight  for  about  200  feet  above  and  250  feet  below  the  station.  Bo»b 
banks  are  low  and  liable  to  overflow  during  liigh  water.  The  stream  has  but  one  chanael 
during  all  stages. 

Discharj^e  measurements  are  made  from  a  cable  and  car  located  about  three-fourths  oJ 
a  mile  above  Mr.  Uehren*s  liouse.     The  initial  point  for  soundings  is  a  tin  tag  marked  '*  L  P- 
on  the  face  of  the  cable  support  on  east  side. 

The  gage  is  a  vertical  stafT  located  al)out  one-fourth  mile  from  the  ranch  house.  During 
1905  the  gage  was  read  once  each  day  by  Frank  Uehren  and  J.  S.  Fullmer.  The  beneb 
mark  is  a  United  States  (Jeological  Survey  iron  bench-mark  post  about  10  feet  from  the 
gage;  elevation,  7.49  feet  alx)ve  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  heights,  discharge  data,  and  rating  table  is  con- 
tained in  Water-Supply  Paper  No.  135,  United  States  Geologic4d  Survey,  pages  190-192 

Discharge  measurements  of  Big  iMsi  River  near  ChUlyy  Idahoy  in  1905. 


Palo. 


llydrogmpher. 


AprillS E.  r.  La  Rue. 

May  16 do 

Juno  11 do 

July  12 do 

Septcml)or22 do 

November  21  ..' do 


Vidth. 

.\n'a  of 
section. 

Mean 
velocity. 

Feet  per 
second.  ' 

Gace 
height. 

Feet. 

Dia- 
chai^ge. 

Fret. 

Sqtiare 
Jrrt. 

Second- 
feet. 

81 

109 

1.01  ! 

1.57 

110 

82 

142 

1.53  ! 

2.10 

217 

84 

247 

4.08 

4.25 

lo(n 

83 

221 

3.04  i 

a50 

671 

82 

103 

.85 ; 

1.45 

88 

81 

101 

.87  j 

1.45 

88 
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Ill 


Daily  gage  height  j  in  feet,  of  Big  Lost  River  ruar  Chilly ,  Idaho^for  1906. 


D^y. 

Jan. 

^ 

1.3 

? 

1.3 

.1 

.1    1.4 

4 

1 
...     1.35 

,«> 

..      1.3 

n 

1.3 

7 

..,     1.4 

g 

..'    1.3 

9 

..      1.3 

10 

1.35 

11. 

..<     1.5 

Jan.      Feb.     Mar.     Apr.  |  May. 


12.. 
13.. 
U.. 
15.. 
16.. 
17.. 
18.. 
19.. 
».. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
».. 

ao.. 
ai.. 


1.5 
1.5 
1.5 
1.4 
1.4 
1.4 
1.4 


1.5 
1. 
L 
L 


1.4 

1.4 

1.4 

1.45 

1.4 

1.4 

1.4 

1.4 

1.35 

1.5 

1.65 

1.8 

LA 

1.6 

1.5 

1.6 

1.5 

1.6 

1.7 

L5 

1.5 

1.4 

1.4 

1.4 

1.5 

1.3 

1.3 

1.3 


.35 


1.3 

1.3 

1.3 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1.5 

1.5 

L5 

1.5 

1.5 

1.5 

1.5 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1.5 

1.5 

1.4 


1.4 
1.5 
1.5 
1.4 
1.5 
1.6 
1.6 
1.6 
1.6 
1.6 
1.5 
1.6 
1.6 
1.6 
1.6 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.8 
1.8 
1.9 
1.0 
1.0 
1.9 
1.0 


1.0 

1.9 

1.0 

1.8 

1.8 

1.8 

1.8 

2.0 

2.0 

2.0 

1.0 

1.0 

1.0 

1.9 

1.9 

2.0 

2.65 

2.96 

2.95 

ai 
ao6 

2.75 

2.65 

2.5 

2.7 

2.85 

3.15 

3.45 

a25 

a4 

a7 


Jane.    July. 


4.65 

4.7 

4.5 

4.1 

4.5 

a05 

4.0 

4.5 

4.6 

4.1 

4.2 

4.9 

4.9 

4.9 

4.75 

4.1 

a9 

a8 

a45 

a5 

a95 

4.15 
4.2 

ao5 
a7 
ao 
a9 
a6 
a7 
a7 


a65 

a65 

a65 

a9 

a7 

a55 

a8 

a5 

a45 

a55 

a55 

a5 

a4 

ai 

ai 

ao 

ao 

2.7 

2.7i 

2.8 

2.7 

2.75 

2.7 

2.6 

2.4 

2.5 

2.55 

2.5 

2.3 

2.3 

2.3 


Aug.  I  Sept. 


a4 

2.06 

ai 

2.06 

ai 

2.0 

ao 

2.0 

ao 

2.0 

2.7 

1.9 

2.75 

1.9 

2.8 

1.9 

2.3 

2.4 

2.4 

2.3 

2.4 

2.3 

2.3 

2.3 

2.2 

2.2 

2.15 

2.15 

2.  Of 

2.0E 

2.0 

2.0 

2.0 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.85 

1.9 

1.9 

1.9 

1.9 

1.85 

1.8 

1.85 


1.9 

1.85 

1.8 

1.8 

1.8 

1.8 

1.75 

1.75 

1.75 

1.75 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.65  I 

1.65 

1.65 

1.7 

1.7 

1.65 

1.65 

1.65 

1.65 

1.7 


Oct.      Nov. 


I 


I 


1.7 

1.7 

1.7 

1.65 

1.65 

1.65 

1.66 

1.66 

1.65 

1.7 

1.7 

1.65 

1.65 

1.66 

1.66 

1.65 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 


1.6 

1.5 

1.5 

1.5 

1.5 

1.5 

1.6 

1.5 

1.5 

1.5 

1.6 

1.65 

1.65 

1.7 

1.8 

2.0 

1.9 

1.9 

1.9 

1.9 

1.45 

1.45 

1.45 

1.45 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 


Dec. 

1.6 

1.5 

1.7 

1.5 

1.5 

1.4 

1.4 

1.35 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.35 

1.36 

1.3 

1.35 

1.36 

1.4 

1.36 

1.35 

1.3 

1.3 

1.36 

1.36 

1.35 

1.35 

1.35 

1.4 

1.35 


Note.— No  Ice  rpcord. 


Htatum  rating  table  for  Big  Lost  River  mar  Chilly,  Idaho  ^  from  January  1  to  December  31  ^  1905. 


Gaee 
height. 


Diaoharge. 


Gage 
height. 


Discharge.     ^^^^^^     Diachajge. 


Feet.     Second-feet.,     Feet.     Second-feet. \     Feet.      Second-feet. 


1.30 
1.40 
1.50 
1.00 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 


65 
80 
96 

114    .| 
133    11 
153 
174 
105 

218    Ij 
242    !| 


2.30 

267 

^2.40 
2.50 

293 

320 

2.60 

349 

2.70 

379 

2.80 

411 

2.90 

4« 

aoo 

480 

a  10 

i 

516 

a2o  I 

a3D  I 
a40 

aso  - 

aeo  I 

a  70  I 

3.80  I 

a90 

4.00 


553 
591 
630 
670 
712 
755 
799 
844 
890 


Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

4.10 

937 

4.20 

985 

4.30 

1,034 

4.40 

1,084 

4.50 

1,135 

4.60 

1,188 

4.70 

1,242 

4.80 

1,298 

4.00 

1,355 

The  above  table  Is  applicable  only  (or  open-channel  conditions.    It  is  based  on  six  discharge  meas- 
tuements  made  during  1905  and  one  during  1904.    It  is  well  defined. 
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Estimated  monthly  dittcharge  of  Big  Lost  River  near  Chilly  f  Idaho,  for  J 905. 


Month. 


Discharge  in  second-feet. 

Total  in 

Maximum. 

Minimum. 

Mean. 

acre-ten. 

M 

65 

1 
79.4 

4.K 

153 

65 

92.1 

S,115 

96 

65 

86.3 

5,306 

174 

80 

127      j 

7,ss: 

755 

153 

326 

ao.MO 

1,365 

650 

973      1 

57.900 

844 

267 

517 

Sl.TW 

293 

153 

211 

11  Wl 

174 

124 

137 

8,  IS 

133 

96 

116      I 

7.  IS 

195- 

88 

114      * 

6.783 

133 

65 

75.6 

4.C« 

1,355 


65 


172.100 


January 

February 

March 

April 

May....^ 

June 

July 

August '. 

September 

October 

November 

December 

The  year 

Note.— Missing  gage  heights  interpolated. 


BIG  WOOD  RIVER  NEAR  GIMLET,  IDAHO. 

This  station  was  established  by  Fred  Stockton  April  25, 1904,  and  was  discontinued  Mtj 
31,  1905.  The  station  is  located  on  a  wagon  bridge  on  the  road  from  Hailey  to  Ketchum, 
near  Qinilet,  a  small  station  on  the  Oregon  Short  Line  Railroad,  about  6  miles  from  Hiilej 
and  6  miles  from  Retchum.  The  wagon  bridge  is  about  200  feet  below  the  railroad  bridgp 
crossing  Big  Wood  River. 

The  channel  is  straight  for  250  feet  above  and  1,000  feet  below  the  bridge.  The  banb 
are  high  and  covered  with  brush  and  are  not  liable  to  overflow.  The  stream  has  but  one 
channel  in  either  high  or  low  water. 

Discharge  measurements  are  made  from  the  bridge.  The  initial  point  for  sounding  is 
a  tag  marked  "  I.  P."  nailed  on  the  hand  rail  on  the  downstream  side  of  the  bridge. 

The  gage  is  a  staff,  spiked  against  a  timber  on  the  upstream  side  of  the  north  abutment 
to  the  wagon  bridge.  During  1905  the  gage  was  read  once  each  day  by  A.  C.  Comstock. 
The  bench  mark  is  a  United  States  Geological  Survey  iron  bench-mark  post  set  in  the  doo^ 
yard  of  the  first  ranch  house  above  Gimlet;  elevation,  5,544  feet  above  sea  level  and  15.09 
feet  above  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  tteights  and  discharge  data,  is  contained  in  Wate^ 
Supply  Paper  No.  135,  Uniled  States  Geological  Surx'ey,  pages  1P2-193. 


Discharge  measiiremeTUs  of  Big  Wood  Rii^r  near  Oimletf  Idaho, 

in  1906. 

Date. 

Ilydrographer. 

Width. 

Pert. 
40 
40 

Area  of 
section. 

Mean 
velocity. 

Gage    1     D»- 

April  22 

E.  C.  LaRue 

Souare 

165 
178 

Feet  per 
second. 

1.92 

2.84 

1  Second- 
Feet.         f€€t. 

1.06 '        a: 

May  22 

do 

l.flO             »5 
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Daily  gage  hsighl,  in  feei,  of  Big  Wood  Rirer  jiear  Oimletf  Idaho^for  1905. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1 

.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 

.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 

ass 

.S5 

.6 

.S5 

.55 

.6 

.6 

.6 

.65 

.65 

.65 

.65 

.65 

.7 

.7 

.7 

0.6 
.65 
.7 
.7 
.8 
.05 
.05 
.05 
1.0 
1.0 
1.0 
1.0 
.05 
.05 
.05 
.05 

1.05 

1.05 

1.0 

1.0 

1.0 

1.0 

1.05 

1.1 

l.l 

1.05 

1.05 

1.05 

1.05 

1.1 

1.2 

1.2 

17 

0.6 

0.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 

0.7 
.65 

0.0 
.0 
.0 
.05 
.05 

1.0 

1.0 

1.0 

1.0 

1.1 

1.1 

1.1 

1.1 

1.1 

1.35 

2 

18 

1  5 

3 

10 

1  7 

4 

20  .  . 

1  8 

5 

21 

1.7 

6 

22 

1  6 

23  . 

1  6 

8 

24 

1  65 

9 

25 

1.7 

10 

26 

1  8 

11 

27 

1  75 

12 

28 

1.6 

13 

20 

1  7 

14 

30 

1.7 

15 

31 

1.75 

Ifi 

Note.— No  ice  record. 

BIG  WOOD  RIVER  NEAR  SHOSHONE,  IDAHO. 

This  station  was  established  June  5, 1905,  by  E.  C.  La  Rue.  It  is  located  at  A.  D.  Silva's 
ranch,  1  mile  below  the  steel  wagon  bridge  and  7  miles  northwest  of  Shoshone,  Idaho,  the 
nearest  railway  point.  The  water  is  sluggish  during  low  stages,  but  rather  swift  during  high 
water.  Both  banks  are  high  and  not  liable  to  overflow.  Measurements  are  made  from  a 
boat,  held  by  a  cable.  The  initial  point  for  soundings  is  a  post  on  the  right  bank  which  is 
used  as  a  support  for  the  tag  wire.  The  gage  is  a  vertical  staff  on  the  right  bank,  100  yards 
below  the  cable.  During  1905  the  gage  was  read  onc«  each  day  by  A.  D.  Silva.  The 
bench  mark  is  a  standard  United  States  Geological  Survey  iron  post  set  about  3  feet  from 
the  southeast  comer  of  Mr.  Silva's  house;  elevation,  13.12  feet  above  the  datum  of  the  gage. 

DaUy  gage  heighty  in  feel  j  of  Big  Wood  River  near  Shoshone,  Idaho,  for  1906. 


Day.       j  June. 


3                    ' 

, 1 

a  75 

3.0 

3.7 

3.5 

July. 

1       Day. 

June. 

3.66 

3.76 

3.7 

3.6 

3.75 

3.85 

3.8 

3.8 

July. 

2.75 

0 

2.86 

2.8 

2.8 

2.75 

2.7 

2.65 

2.6 

2.55 

2.75 

10 

2.75 

11 

2.75 

12 

2.7 

13 

2.7 

14 

2.6 

15 

2.5 

16 

17. 
i  18. 
I  10. 

20. 

21. 

22. 

23. 

24. 


June. 

July. 

3.7    1  2.5 

3. 75  1  2. 5 

3.55 

2.4 

3.3 

2.35 

3.1 

2.2     1 

2.05 

2.2 

2.95 

2.15 

3.0 

2.1    1 

Day.       {June. I  July. 


ao 

2.06 
2.0 
2.9 
2.0 

2.85 


2.0 
1.05 


(«) 


o  River  dry  remainder  of  year. 
L.ITTL.E  \VOOI>  RIVER  NEAR  CAREY,  IDAHO. 

This  station  was  established  April  28,  1904,  by  William  G.  Davies,  and  was  discontinued 
May  31,  1905.  The  station  is  located  7  miles  upstream  from  Carey  on  the  Carey-Muldoon 
road,  about  one-half  mile  above  the  dam  at  the  head  of  the  east  and  west  side  canals,  and 
above  the  slough  or  delta  section  of  the  river.  It  is  15  miles  from  Picabo,  the  nearest  rail- 
TotA  point. 

The  channel  is  straight  both  above  and  below  the  station.     The  banks  are  high  and  clean. 
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and  not  liable  to  overflow.  The  stream  has  one  channel  at  both  high  and  low  water  lodiu 
bed  is  smooth  and  clean. 

Discharge  measurements  are  made  from  a  cable  and  car.  The  initial  point  for  soundings 
is  a  tin  tag  marked  "  I.  P.''  on  an  iron  anchor  set  in  a  rock  on  the  west  bank. 

The  gage  is  a  vertical  staff  bolted  to  a  lava  wall  on  the  east  bank  of  the  river.  Durh^ 
1905  the  gage  was  read  once  each  day  by  Mrs.  F.  M.  Ford.  The  bench  mark  is  a  Unit«] 
States  Geological  Survey  aluminum  bench  mark  tablet  set  3  feet  from  the  gage  in  solid  \&\k 
elevation,  6.00  feet  above  the  datum  of  the  gage. 

A  description  of  this  station  and  gage  height  and  dischai^  data  are  contained  in  Wtt(r 
Supply  Paper  No.  135,  United  States  Geological  Survey,  pages  193-195. 

Di8(^iarge  measurements  of  Little  Wood  River  near  Carey  j  Idaho ,  in  1905. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

hei^t. 

Pfcu 

April  23 

May  23 

E.G.  La  Roe 

Feet. 
39 
42 

Square- 
Yeet. 

91 

100 

Feet  per 
second. 

1.53 

1.84 

Feet. 

1.42 
1.65 

Setoti- 
M 

do 

m 

Daily  gage  heightf  in  feet,  ofLUde  Wood  River  near  Carey  ^  Idaho,  for  1906. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Mil. 

1 

1.0 
1.0 
1.0 
1.1 
1.1 
1.1 
1.1 
1.0 
1.0 
1.0 
1.0 
1.6 
1.0 
1.7 
1.7 
1.8 

1.0 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.2 

1.8 
1.7 
1.2 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.2 
1.2 
1.2 
1.2 

1.1 
1.1 
1.1 
1.1 
1.2 
1.3 
1.6 
1.4 
1.3 
1.2 
1.2 
1.2 
1.1 
1.1 
1.2 
1.2 

1.4 
1.5 
1.7 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.5 
1.4 
1.4 

17 

1.8 
1.6 
1.6 
1.6 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
.9 
.9 
.9 

1.3 
1.4 

1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.7 
1.7 
1.8 

1.1 
1.0 

1.1 
1.1 

1  ^ 

2. 

18 

11 

3 

19 

1.2        I.' 

4 

20 

1.2        If 

5 

21 

l.l        IT 

6 

22 

1.4        I' 

7 

23  ... 

1.4        I' 

8 

24 

1.4        H 

9 

25 

1.4        L« 

10 

26 

1.4  i      l.i 

11 

27 

1.5  1      Lt 

12 

28 

1.5     l; 

13 

29 

1.5        1." 

14 

30  . 

1.4  1      I' 

15 

31 

l.T 

16 

SUCCOR  CREEK  NEAR  HOMEDAL.E,  IDAHO. 

This  station  was  established  March  19,  1903,  by  N.  S.  Dils.  It  was  originally  located  it 
a  small  truss  bridge  built  to  carry  a  flume,  about  one-half  mile  above  the  mouth  of  the  rim. 
The  station  was  moved  January  31,  1905,  about  half  a  mile  upstream  to  a  location  1  mvt 
west  of  Homedale  and  about  17  miles  from  Caldwell,  the  nearest  railroad  station.  It  is  netf 
the  Cald well-Jordan  Valley  stage  road,  1  mile  west  of  Mussel's  ferry  on  Snake  River,  oo^ 
fourth  mile  below  the  head  of  the  lowest  ditch  on  Succor  Creek,  and  about  three-fourths  erf 
a  mile  above  the  mouth  of  the  creek. 

The  river  channel  is  straight  for  about  200  feet  above  and  below  the  station.  The  b«i 
of  the  stream  is  gravelly  and  has  one  channel  at  all  stages.  The  right  bank  is  low,  slope 
uniformly,  and  may  overflow  during  high  water.  The  left  bank  is  high  and  not  liable  to 
overflow. 

Discharge  measurements  are  made  from  a  cable  and  car.  The  initial  point  for  soundio^ 
is  the  inside  face  of  the  cable  support  on  the  left  bank  of  the  stream. 

The  gage  is  an  inclined  staff  on  the  left  bank  of  the  stream,  about  one-third  mile  above 
the  house  of  Mrs.  Minnie  Tracy,  who  during  1905  read  the  gage  once  each  day.    The  bcncb 
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mark  is  a  United  States  Geological  Survey  iron  bench-mark  post,  10  feet  back  from  the  gage; 
elevation,  9.88  feet  above  gage  datum. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey : 

Dracription:  100,  p  440;  135,  pp  195-196. 
Discharge:  100,  p  440;  135,  p  196. 
Discharge,  monthly:  100,  p  441. 
Gage  heights:  100,  p  440;  135,  p  196. 
ruting  Uhle:  100,  p  441. 

Discharge  measurements  of  Succor  Creek  near  Homedale,  IdahOf  in  1905. 


Date. 


February  1 

February  24... 

Aprfll 

April  28. 

Juiie3 


Ilydrographer. 


W.  C.  Davies 

J.  B.  Bond 

La  Rue  and  Bond. 

E.  C.  La  Rue 

....do 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gaee 
height. 

Dis- 
charge. 

Feet. 

Square- 
feet. 

Feet  per 
second. 

Feet. 

Second' 
feet. 

24 

17 

L19 

2.40 

20 

34 

36 

3.00 

3.20 

106 

32 

24 

.    2.17 

2.90 

52 

27 

17 

1.24 

2.  bo 

21 

4 

1.2 

1.10 

2.25 

1.4 

Daily  gage  height^  in  feet,  of  Succor  Creek  near  Homedale,  Idaho,  for  1905. 


Day. 


Jan.    I    Feb. 


1 

3.65 
3.55 
3.5 
3.5 
3.45 
3.45 
3.45 
3.45 
3.45 
3.45 
3.45 
a  45 
3.45 
3.45 
(») 


2.5 

2 

2.3 

3 

2.3 

4 

2.4 

S. ; 

2.45 

6 

2.3 

7 

2.4 

8 

2.35 

9 

2.25 

,0 

2.4 

11 

2.2 

12 

2.4 

13 

2.4 

14 

2.4 

15 

2.5 

IC 

2.45 

17 1 

2.5 

18 

2.2 

19 

2.2 

20 

2.45 

21 

3.45 

22 



3.0 

23 

3.2 

24 

3.1 

25 ' 

3.0 

26....                                                                                   

3.0 

27 

2.8 

28 

2.75 

29.... 

30 1 

31 ;::.•;.::: • ' 

Mar.    I    Apr.       May.      June.       Dec. 


2.7 

2.7 

2.75 

2.7 

2.7 

2.7 

2.65 

2.0 

2.6 

2.6 

2.65 

2.65 

2.6 

2.65 

2.65 

2.65 

2.65 

2.a5 

2.65 

2.75 

2.7 

2.1 

2.65 

2.55 

2.65 

2.65 

3.4 

3.0 

3.2 

3.6 

3.25 


3.1 

3.3 

3.4 

3,2 

3.1 

3.0 

2.95 

2.9 

2.85 

2.95 

2.95 

2.75 

2.7 

2.65 

2.7 

2.45 

2.45 

2.4 

2.4 

2.6 

2.65 

2.7 

2.6 

2.6 

2.7 

2.6 

2.6 

2.6 

2.4 

2.3 


i 

2.3 

2.45 

2.2 

2.35 

2.25 

2.2 

2.35 

2.4 

2.35 

2.9 

2.35 

2.6 

2.25 

2.7 

2.25 

3.75 

2.2 

2.8 

2.2 

2.1 

2.25 

2.15 

2.1 

2.1 

2.1 

1.9 

1.95 

2.0 

1.95 

1.9 

1.9 

1.9 

1.9J 

1.9J 

7.3t 

2.8J 

2.6 

2.6 

2.5 

2.5 


2.7 

2.7 

6.85 

2.5 

2.5 

2.3 

2.3 

2.2 

2.2 

2.15 

2.15 

2.1 

2.0 


1.9 

2.0 

1.95 

2.0 

1.95 

2.0 

7.30 

1.95 

2.85 

1.9 

2.6 

1.9 

1.9 
1.' 


1.9 

1.9 

1.9 

1.95 

1.95 

1.95 

1.95 

1.95 

1.95 

1.95 

1.95 

1.95 

1.95 

1.9 

1.9 

1.9 

1.9 

1.95 

1.95 

1.95 

1.95 

1.95 

1.95 

1.95 

1.96 

1.95 

1.95 

1.95 

1.95 

1.95 

1.95 


a  Ouge  wjished  out. 
Note.— Creek  dry  July  1  to  Noveinl>er  30. 
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Estimated  monthly  discharge  of  Succor  Creek  near  HomedaUf  Idaho,  for  1905. 


Month. 


Discharge  in  seoond-feet. 


Maximum;   Minimum.      Mean. 


Total  in 
acre>{wt. 


January  1-14. . 

February 

March 

April 

May 

June 

July 

August 

September,^. 

October 

November 

December 


154 

189 

143 

2,500 

2,050 


154 
1 
22 
3 
.2 
.2 


161 
29. 
47. 
46. 
g6. 


.3 


.2  1 


4,479 

l.fi22 

2,SD 

2,755 

5.306 

5,19 

0 

0 

0 

0 

0 

17 


The  period. 


22,33D 


NoTB.— These  estimates  are  based  on  five  discharge  measurements  and  slope  measurements  and 
are  only  approximate. 

OWYHKE  RIVER  NEAR  OWYHEE,  OREO. 

Thb  station  was  established  August  27,  1903,  by  John  H.  Lewis.  It  is  located  at  the 
county  bridge  IJ  miles  from  Owyhee,  Oreg.  Owyhee  ditch  takes  water  from  the  riTer 
about  6  miles  above. 

The  channel  is  straight  for  200  feet  above  and  400  feet  below  the  station.  The  current  is 
sluggish  at  low  water.  The  right  bank  is  high  and  rocky  and  will  not  overflow.  The  left 
bank  will  overflow  only  at  extreme  high  water.  The  bed  of  the  stream  is  composed  of 
sand  and  gravel  and  is  liable  to  shift  during  freshets.  There  are  two  channels  at  low 
water  and  one  at  high  water. 

Discharge  measurements  are  made  from  the  bridge  at  ordinary  stages  and  by  wading 
above  the  bridge  at  extreme  low  water.  The  initial  point  for  soundings  is  the  center  of 
the  upstream  caisson  of  the  left  abutment. 

A  standard  chain  gage  is  attached  to  the  upstream  side  of  the  bridge,  near  the  center 
of  the  left  span;  length  of  the  chain,  26.40  feet.  During  1905  the  gage  was  read  ooce 
each  day  by  D.  T.  Rigsby  and  Gilder  Watson.  The  bench  mark  is  the  top  of  the  steel 
caL<«on  at  its  outer  edge  directly  above  the  old  gage;  elevation,  18.60  feet  above  the  gage 
datum. 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  of  the 
United  States  Oeological  Survey  (Ann= Annual  Report;  Bull = Bulletin;  WS=Watei^ 
Supply  Paper): 

Description:  Bull  131,  pp  6G-67;  WS  100,  pp  445-446;  135,  pp  196-197. 

Discharge:  WS  100,  p  446;  135,  p  197. 

Discharge,  monthly:  WS  135,  p  199. 

Discharge,  flood:  Ann  11,  part  2,  p  86. 

Gage  heights:  Bull  131.  p  07;  WS  100,  p  446;  WS  135,  p  197-198. 

Rating  table:  Bull  131,  p  67;  WS  135,  p  198. 
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Discharge  measurements  of  Owyhee  River  near  Owyhee  ^  Oreg.,  in  1906. 


Date. 

Hydrographer. 

Width. 

Feet. 

287 

286 

284 

287 

289 

284 

286 

138 

128 

27 

27 

33 

44 

130 

130 

Area  of 
section. 

Mean 
velocity. 

GaKC 
hei^t. 

Dis- 
charge. 

JaDoary  26 

Harch6 

Smith  and  Johnson 

547 

594 
'     578 

628 

629 

567 

566 

310 

235 
20 
17.2 
11.8 
21 

250 

244 

Feet  per 
second. 

1.30 

1.45 

1.75 

1.64 

1.54 

1.54 

.     1.26 

1.17 

.44 

.80 

.43 

.79 

1.17 

.53 

.87 

Feet. 

aso 

a69 

a9o 
a88 
a90 
a7o 
a55 
a  01 

2.38 
1.93 
1.80 
1.90 
2.03 
2.52 

ao5 

Second- 
feet. 

700 

Smith  and  Griffin 

862 

March  13 

P,  H.  John«ion 

1,010 
1,033 

March  25 

Johnson  and  Smith 

April  14 

May  12 

JnnA6 

Smith  and  Griffin 

966 

Griffin  and  Hall 

874 

E.N.Smith 

710 

June  20 

do 

362 

Julys. 

do 

104 

July  17a 

August  15a 

Sept€Bi>er  12a. 
October  13  « . . . 

Yates  and  Smith 

16 

E.N.Smith 

7.4 

W.  C.  Sawyer 

8.8 

Sawyer  and  Hall 

25 

Novonber  9 

1  R.  8.  Hall 

131 

December  28... 

L do 

212 

f 

a  Wading  I  mile  above  bridge. 
DaUy  gage  height  ^  in  feet  y  of  Owyhee  River  near  Owyhee,  Oreg. ,  for  1906. 


Day. 


Jan. 


Feb.     Mar. 


9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


a2 

ai 

ao 

a  15 

2.9 

ai 

2.8 

a  15 

2.75 

ai 

2.8 

ai 

ao 

ao5 

2.9 

ai 

2.95 

ao5 

2.9 

2.6 

ao 

2.6 

2.9 

ao5 

ao 

a2 

2.0 

ass 

ai 

a2 

a2 

ao 

4.9 

2.9 

4.7 

a2 

4.6 

a  15 

4.0 

ao 

a5 

a2 

as 

a6 

a6 

a65 

5.0 

4.9 

4.2 

4.5 

a6 

a9 

a5 

4.0 

a45 

a8 

a5 

a4 

as 

a  75 

a8 

a7 

a65 

a6 

a  6 

a8 

ao 

a95 

4.0 

a95 

ao 

ao5 

4.0 
4.1 
4.0 
4.1 
04.0 

a2 

a8 
a6 
a5 
a6 

64.1 

ao 

a7 

a6 

a55 

a9 

4.15 
4.1 


Apr. 
4.0 

May. 
4.3 

June. 

4.1 

4.25 

4.0 

4.2 

4.9 

4.05 

as 

4.05 

4.1 

4.1 

! 

a4.15 

4.05 

1 

4.0 

4.0 

ao 

4.06 

1 

a9 

3.9 

a85 

a8 

a9 

a7 



4.0 

a7 

ao 

a8 

a35 

a8 

a85 

a25 

a8 

a9 

a2 

a8 

a9 

a  15 

a  75 

a85 

ai 

a7 

as 

ao5 

a7 

a85 

ao 

a8 

2.96 

a95 

2.9 

4.3 

2.85 

4.7 

2.79 

4.0 

2.75 

bi.5 

2.75 

4.3 

2.6 

4.3 

2.65 

4.35 

J 

2.55 

4.4 



2.55 



I 


2.45  I 

2.4    I 

2.38 

2.35 

2.25 

2.25 

2.0 

2.05 

2.05 

2.0 

1.95 

1.95 

1.95 

1.05 

1.9 

1.9 

6  2.15 
1.9 
1.9 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.84 
1.83 
1.82 
1.82 

62.45 
1.87 


1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
4.8 
1.82 
1.82 
1.83 
1.85 
1.9 
1.9 
1.9 
1.9 
1.9 
1.85 
1.85 
1.85 
1.85 
1.85 


1.85 

1.88 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

2.0 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

2.0 

1.9 

1.9 

1.9 

1.9 

1.9 

1.95 

2.0 

1.05 

1.9 

1.95 

1.9 

1.9 

1.95 


Oct. 

Nov. 

1.9 

2.3 

2.0 

2.3 

2.0 

2.31 

1.9 

2.31 

2.0 

2.31 

2.0 

^2.5 

2.0 

2.5 

1.95 

2.5 

1.96 

2.5 

2.0 

2.5 

2.05 

2.5 

2.05 

2.5 

2.03 

2.52 

2.03 

2.52 

2.03 

2.6 

2.05 

2.6 

2.05 

2.61 

2.05 

2.6 

2.05 

2.6 

2.05 

2.6 

2.05 

2.6 

2.1 

2.6 

2.1 

2.6 

2.1 

2.6 

2.12 

2.62 

2.10 

2.62 

2.15 

2.62 

2.15 

2.62 

2.15 

2.62 

C2.S 

ao 

2.3 



Dec. 

2.78 

2.78 

2.7 

2.68 

2.68 

2.58 

2.68 

2.68 

2.68 

2.68 

2.68 

2.68 

2.68 

2.75 

2.78 

2.98 

2.98 

2.98 

2.88 

2.95 

2.65 

2.68 

2.68 

2.78 

2.88 

2.08 

2.98 

ao5 
ao5 
ao5 
ao5 


Note.— No  lee  record. 


»  Water  turned  into  Owyhee  ditch. 

^  Water  turned  from  Owyheo  ditch  into  river. 

c  Part  of  water  turned  from  Owyhee  ditch  into  river. 
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Station  rating  table  for  Owyhee  River  near  Owyhee  ^  Oreg.^from  January  1  to  December  31, 1905. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet: 

«. 

Discharge. 

•  Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Feet. 

Second-feet 

1.80 

* 

2.70 
2.80 
2.90 

208    1 

aso 

673 

4.30 

1,410 

1.90 

10 

254 

a60 

748 

4.40 

1,525 

2.00 

20 

304 

a70 

826 

4.50 

1,650 

2.10 

38 

3.00 

358 

aso 

910 

4.60 

1.780 

2.20 

58 

a  10 

414 

a9o 

1,000 

4.70 

1,930 

2.30 

80 

1        3.20 

473 

4.00 

1,005 

4.80 

2,070 

2.40 

104 

a30 

535 

4.10 

1,195 

4.90 

2,230 

2.50 

132 

3.40 

602 

4.20 

1,300 

5.00 

2,380 

2.60 

168 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  15  disehaige  measun- 
ments  made  during  1905  and  one  during  1904.    It  is  well  defined  throughout. 

Estimated  monthly  discharge  of  Owyhee  River  near  Owyhee  ^  Oreg.yfor  1905. 
[Drainage  area,  9,875  square  miles.]  * 


Month. 


January  a . . 
February  « . 

If  arch 

April 

May  1-20... 
June  14-30.. 

July 

August 

September. . 

October 

November.. 
December  a. 


The  period. 


Discharge  in  second-feet. 


Maximum. 


2,380 

2,200 

1,248 

2,220 

1,410 

568 

118 

10 

20 

80 

358 

386 


Minimum.      Mean. 


Totalin 
acre-feet. 


Run-ofl. 


8«^°d-'«'V  Depth  in 


231 


473  j 
826  I 
826  I 
150 

5 

4 

7 
10 
80 
161 


707 
600 
941 
1,173 
1,059 
317 
31.9 
5.7 
10.8 
31.4 
151 
263 


43, 
33, 
57, 
60, 
42, 
10, 
1, 


a072 
.061 
.095 
.119 
.107 
.032 
.0032 
.00058 
.0011 
.0032 
.015 
.027 


aa83 

.064 

.110 

.133 

.080 

.000 

.0037 

.00067 

.0012 

.0037 

.017 

.031 


287,200 


a  Estimates  may  be  somewhat  large  on  account  of  possible  ice  condition. 

Note.— To  obtain  the  total  discharge  of  Owyhee  River  the  monthly  estimates  of  Owyhee  ditdi 
should  be  added.    See  p.  120. 

DITCHES  IN  OWYHEE  RIVER  VAL.I^Y,  OREGON. 
OWYHEE  DITOH  NEAR  OWYHEE,  OBEO. 

This  ditch  diverts  water  from  the  left  bank  of  Owyhee  River,  about  6  miles  above 
Owyhee  Bridge,  which  is  used  for  a  river  gaging  station. 

The  measurements  were  made  just  above  Wilson's  ranch,  about  2  miles  below  the  head 
of  the  ditch. 

There  are  five  wasteways  on  the  ditch — the  Fletcher,  half  a  mile  below  the  station;  Cow 
Hollow,  Lockett  Gulch,  Emerson,  and  one  near  the  end  of  the  ditch.  The  first  two  are 
above  the  river  gaging  station. 
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Discharge  measuremerUs  of  Owyhee  ditch  near  Owyhee,  Oreg.,  in  1904.  and  1905. 


I>at4» 


1904. 

Jane  18 

July  1 

July  13 

August  10 

September  2.. 
September  12. 
September  19 . 
October  12. 

1905. 
March  24. 
Apnil4. 
May  12. 
Jane  5. 

July  17 ' do. 

July  31 ' do. 

July  31 1  W.C.Sawyer. 

August  15 '  E.  N.  Smith 

September  12 . .    W.C.Sawyer 

October  2 Hawthorne  and  G  riflln . 

October  13 Sawyer  and  Hall 26.5 


a  No  gage  established  during  1904. 
DaUy  gage  height,  in  feet,  of  Owyhee  ditch  near  Owyhee,  Or  eg.,  for  1906. 


Day. 

May. 

June. 

July. 

Aug. 

I 
Sept. 

Day. 

May. 

June 


July. 

ao 
a3 

AUK. 

Sept. 

1 

2.5 
1 

2.6 

2.65 

2.70 

1 

1 

1 

17 

as 
a4 

as 


as 
as 

as 
a  4 

2.6 
2.6 
2.6 

2 

a4 

a4 

2.6 
2.5 
2.5 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.6 
2.3 
2.5 
2.6 
2.5 
2.6 

18 

19 

20 

21 

22 

23 

25 

26 

27 

28 

I 

30 

31 

2.8 

3-. 

4 

2.8 

ao 

2.9 
2.8 

2.7 

5 

a3 

a4 
a4 
a4 
a4 

ft             .  .!.. 

2.6 

7     

a4 

2.7 

8 

2.6 



9                        1   

as 

a. 

as 

.7 

10         

2.8 
2.7 
2.7 
2.65 
2.5 
2.6 

2.6 

11 

12 

ai 
a2 
a3 

as 

a3 

2.7 

13                

2.55 

14 

ai 

15 

as 

2.5 

16 

ao 
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STREAM   MEASUREMENTS    IN    1905,  PART   XIV. 


Station  rating  table  for  Owyhee  ditch  near  Owyhee  ^  Oreg.^from  March  2J^  to  September  6, 1905. 


Discharge. 

Gage 
height. 

Second-feet. 

Feel. 

4.5 

1.50 

7 

1.60 

10 

1.70 

14 

1.80 

18 

1.90 

23 

2.00 

28 

2.10 

33 

2.20 

Discharge,  i 

Gage 
height. 

Discharge. 

Gaae 
height. 

Dtflcharge. 

Second-feet.^ 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

38    1 

2.30 

94 

3.00 

154 

44    1 

2.40 

102    1 

a  10 

163 

50    ' 

2.50 

110 

a20 

172 

57    1 

2.60 

118 

a30 

181   . 

64 

2.70 

127 

3.40 

190 

71    1 

2.80 

136 

a5Q 

aoo 

78    1 

2.90 

145 

aeo 

210 

86    1 

Feet. 
0.70 
.80 
.90 
1.00 
1.10 
1.20 
1.30 
1.40 


The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  seven  diaduifB 
measurements  made  during  1905.  It  is  well  defined  between  gage  heights  2.5  feet  and  3  feet.  T^ 
table  has  been  extended  beyond  these  limits.  After  September  ti  the  table  does  not  apply  on  accoont 
of  back  water  from  a  diversion  wing. 

Estimated  monthly  discharge  of  Owyhee  ditch  near  Owyhee  ^  Oreg.yfor  1905. 


Month. 


May  11-31. 

June 

July 

August 

September 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean 


200 
210 
190 
118 
127 


163 
136 
110 
94 
107 


194 
177 
162 
114 
114 


ToUliB 
acrMect 


8,()« 
10,^ 

•7,W0 


Discharge  measurements  ofwasteways  of  Owyhee  ditch  in  1905. 
FLETCHER  WASTEWAY  NEAR  OWYHEE,  OREG. 


Date. 


Hydrographer. 


May  12 E.N.Smith... 

October  13 W.C.Sawyer. 


Diwhsn? 


Second-feC 


COW  HOLLOW  WA8TEWAY  NEAR  OWYHEE,  OREO. 


May  12 •  E.  N.  Smith 

Tune  6 do 

October  2 '  Hawthorne  and  Griffin. 


LOCKETT'S  GULCH  WASTEWAY  NEAR  ARCADIA,  OREG. 

May  11 1  E.N.Smith 

June  6 do 

October  3 '.    Hawthorne  and  Griffin 

October  13 Sawyer  and  Hall 


H 

Hi 


EMERSON  WASTEWAY  NEAR  ARCADIA,  OREO. 


May  11 

E.N.Smith 

6.S 

June  20 

do 

a: 

July3 

do 

2a^ 

October  3 

Hawthorne  and  Griffin 

«x: 

October  14 

Sawyer  and  Hall 

HI 

November  10. . . 

R.  S.  Hall 

liS 
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Discharge  measurements  of  xoasteways  of  Owyhee  ditch  in  1906 — Continued. 
WASTEWAY  NEAR  ONTARIO,. OREG. 


Date. 

Hydrograpber. 

Discharge. 

October  14 

R.  8.  Hall 

Second-feet. 
1.8 

WILSON  BITOH  ITXAB  OHTABIO*  ORBO. 

This  ditch  diverts  water  from  the  left  bank  of  Snake  River  above  Nyssa  during  the 
spring.  An  the  water  during  the  latter  part  of  the  last  season  was  waste  and  seepage 
from  the  Owyhee  ditch. 

In  1904  measurements  were  made  at  Nyssa.  The  first  measurement  in  1905  was  made 
at  Nyssa,  the  last  three  1  mile  above  Ontario,  and  the  others  about  2  miles  above 
Ontario  at  Joseph  Morton's  ranch. 

Disdutrge  measurements  of  Wilson  ditch  near  Ontario ,  Oreg.f  in  1904  ^f^  1906. 


Date. 


1904. 

JnlylS 

August  10 

September  L . . 

1905. 

May  II 

May  19 

June? 

July  3 

Augast  1 

Aogost  16 

September  13. . 
October  14. . . . 


Hydrograpber. 


M.  W.  Torkelson 

Torkelson  and  Smith. 
E.N.Smith 


E.N.Smith... 

....do 

....do 

....do 

....do 

....do 

C.  Sawyer. 


W 


Sawyer  and  Hall. 


DlBcharge. 


Second-feet, 
20.2 
3.3 
4.0 

9.2 
9.0 
7.3 
&5 
0.9 
1.3 
2.3 
5.2 


BOISE  RIVER  NEAR  HIGHLAND,  IDAHO. 

This  station  was  established  on  July  27, 1905,  by  E.  C.  La  Rue,  to  replace  the  Boise  sta- 
tion. A  temporary  station  was  maintained  at  Highland  from  March  23  to  July  27,  1905. 
The  permanent  station  is  located  2  miles  below  the  mouth  of  Moores  Creek,  3  miles  south- 
west of  Highland  post-office,  about  8  miles  above  the  old  Boise  station,  and  15  miles  east 
of  Boise,  the  nearest  railway  point. 

The  channel  is  straight  for  500  feet  above  the  cable  and  200  feet  below.  The  water  is 
rather  swift  during  all  stages.  The  right  bank  is  very  firm,  rather  steep,  and  not  liable  to 
overflow.  The  left  bank  is  composed  of  broken  lava  rock  and  is  rather  steep,  leading  to  a 
vertical  lava  cliff  30  feet  in  height.  The  bed  of  the  stream  is  very  firm,  as  it  is  composed 
of  broken  lava  rock  and  granite  bowlders. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  wire. 
The  initial  point  for  soundings  is  the  inner  face  of  the  right  cable  support. 

Tlie  gage  is  an  inclined  staff  in  two  sections  on  the  right  bank,  200  feet  downstream  from 
the  cable  support.  During  1905  the  gage  was  read  once  each  day  by  Nettie  Smythe.  The 
bench  mark  is  a  United  States  Geological  Survey  aluminum  tablet  set  in  a  large  bowlder 
on  the  right  bank,  400  feet  below  the  cable -support ;  elevation,  25.44  feet  above  the  datum 
of  the  gage. 
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Discharge  mewntrtmentJi  cf  Boise  River  near  Highland ^  Idaho ^  in  1905. 


Date. 


Hydroffrapher. 


Width. 


Area  of 
section. 


Marchan E.  C.  La  Rue 

April  27 do 

May  25 do 

May  26 do 

July  19 do 

July  28 do 

August  10. do 

October  2 do 

October  10 Grovcr  and  La  Rue. 


Fett. 
183 
308 
207 
208 
185 
165 
140 
145 
140 


Square 
feet. 

726 

1,110 

852 

853 

406 

261 

192 

216 

196 


Mean 
velocity. 

bei^. 

Feet  per 
gecond. 

Feet. 

2.50 

4.30 

4.12 

6.61 

a79 

6.20 

4.01 

6. 35 

2.40 

3.70 

3.24 

•  3.55 

3.28 

fcai5 

2.85 

a  18 

Dis- 

Secemd- 
ftft. 

l.^l> 

>■: 

61J 


3.52  I 


o  Qage  height  at  temporary  station— 3.30  on  July  28. 
f>  Gage  height  at  temporary  station— 2.95  on  August  19. 

Note.— The  first  five  measurements  were  made  at  the  temporary  station  and  the  next  four  made  tt 
the  permanent  station. 

Daily  gage  height,  in  feet ,  of  Boise  River  near  Hi^Uand,  Idaho,  for  1905. 


Day. 

Mar. 

1  .. 

• 

2 

3 

4    .       .            

5 

6 

7 

8  .   ..       .                      

9 

10               t 

11 .       . 

12 

13 

14       . 

15 

16 

17 

18... 

4. 45 

1<» 

4.  35 

?0 

4. 15 

21... 

4. 1 

22... 

4. 1 

?3 

4. 1 

24  .. 

4.1 

25... 

4. 1 

?« 

4. « 

?7 

4. 6 

28  .. 

4.  ;i5 

29... 

4.  .'i') 

30... 

4.  3 

31 

4. 1 

Mar.       Apr.      May.   |  June.      July.       Aug.      Sept.       Oct.       Nov.      Dec 


4.1 

4.2 

4.25 

4.35 

4.5 

4.85 

5.3 

5.4 

5.5 

5.3 

5.1 

5.0 

5.1 

5.05 

5.05 

5.2 

5.35 

5.25 

5.5 

5.8 

5.8 

5.75 

5.9 

5.9 

6.2 

6.5 

6.6 

6.3 

6.1 

6.0 


8.0 

8.1 

7.9 

7.6 

7.5 

7.35 

7.3 

7.6 

7.6 

7.4 

7.4 

7.35 

7.45 

7.35 

7.05 

6.75 

6.6 

6.5 

6.1 

5.95 

6.1 

6.0 

5.95 

5.9 

5.9 

5.8 

.5.7 

5.6 

5.45 

5.3 


I 


5.2 
5.2 
5.1 
5.0 
4.9 
4.8 
4.7 
4.6 
4.5 
4.4 
4.35 
4.25 
4.15 
4.05 
4.0 
3.95 
3.85 

a8 

a  75 

a7 

a65 

a6 

a  55 

a  45 

a4 

a35 

a3 

a3 

a  25 

a2 

a  15 


a5 

a4 

a4 

a4 

a4 

a4 

a3 

a25 

a2 

a2 

a2 

a2 

a2 

a  15 

a  15 

a  15 

a  15 

a  15 

a  15 

ai   I 

ai 

ao5  ' 

ao5 1 

ao5 ' 

ao5 1 

ao5  > 

ao5 

ao5 

ao   , 

ao 

ao 


ao 
ao 
ao 
ao 
ao 
ao 
ao 
ao 
ao 
ao  ! 
ao  ' 
ao  I 
ao 
ao  ! 
ao  I 
ao  I 
ao  I 
ao5  I 
ao5  ! 
ao5 1 
ao5  j 
ao5 
ao5 
ao5 
ai 
ai   j 
a  15  I 
a  15  , 
a2 
a2  ' 


a2    : 

a2  I 

a  15  I 

a  15  I 

a  15  I 

ai   I 

ai   I 

a2  I 

a2 

a25 

a25 

a25 

a25 

as 

a3 

a35 

a4 

a35 

a3 

a25 

as 

a35 

a35 

a4 

a45 

a4 

a35 

a35 

a35 

a35 

aas 


I 


a35 

as 

a3 

a25 

a25 

a2 

a2  , 

a25 

as  I 

a25 

a25 

a25 

a25 

a25 

a25 

a25 

a25 

a25 

a25 1 

a25 

a25 

as  I 

as  I 

as  I 

as  * 

as 

as 

as 

a25 

a25 


IS 
3.25 
1:5 
12 
3.0 
10 
iS 
Z8 
2.8 


18 
2.9 
11 
123 
17 
17 
17 
16 
15 
liS 
10 
2.9 
19 
106 
115 
115 
14 
15 
14 
125 


I 


Note.— No  ice  record. 
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Daily  discharge ,  in  second-feet ,  of  Boise  River  near  Highland^  Idaho,  for  1906. 


Day. 


1. 


Mar. 


Apr. 


1,650 


3 
4 

5 

6 
7 
8 
9 


13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
1».. 
20.. 

a.. 

22.. 
23.. 
24.. 
25.. 
26.. 
27.. 


2 1 1,710 

1,750 
1,840 
1,970 
2,320 
2,810 
2,920 
3,050 
2,810 

11 1 2,670 

2,470 
2,570 
2,490 
2,490 
2,000 
2,820 
2,710 
2,980 
3,380 
3,380 
3,320 
3,540 
3,540 
3,950 
4,410 
4,570 
4,070 
3,760 
3,590 


May. 


30.. 
3L. 


1,930 
1,850 
1,000 
1,030 
1,030 
1,630 
1,640 
1,640 
1,940 
2,090 
1,860 
1,860 
1,820 
1,650 


3,350 
3,470 
3,590 
3,490 
3,200 
3,100 
3,080 
3,120 
3,510 
3,350 
2,980 
2,900 
2,710 
2,580 
2,610 
2,650 
3,300 
4,600 
4,740 
4,710 
4,670 
4,100 
3,990 
3,670 
3,360 
3,430 
4,700 
4,380 
5,360 
5,030 
5,120 


June.   July.   Aug.   Sept. 


6,070 

6,260 

5,890 

5,380 

5,180 

4,940 

4,860 

5,360 

5,360  I 

5,010 

5,010 

4,920 

5,000 

4,930 

4,460 

4,000 

3,990 

3,650 

3,110 

2,930 

3,120 

2,990 

2,930 

2,880 

2,880 

2,770 

2,670 

2,560 

2,300 

2,240 


2,150 

2,150 

2,060 

1,970 

1,870 

1,790 

1,710 

1,630 

1,550 

1,470 

1,430 

1,350 

1,270 

1,210 

1,170 

1,140 

1,070 

1,030 

1,010 

990 

970 

050 

030 

880 

860 

840 

820 

820 

810 

780 

750 


760 
760 
760 
760 
760 
700 
675 
650 
650 
650 
650 
650 
625 
625 
625 
625 
625 
625 
600 
600 
580 
580 
580 
580 
580 
580 
580 
560 
560 
560 


560 
560 
560 
560 
560 
560 
560 
560 
569 
560 
560 
560 
560 
560 
560 
560 
560 
580 
580 
580 
580 
580 
580 
580 
600 
600 
625 
625 
650 
650 


Oct. 


650 
650 
625 
625 
625 
600 
600 
650 
650 
675 
675 
675 
675 
700 
700 
730 
760 
730 
700 
675 
700 
730 
730 
760 
790 
760 
730 
730 
730 
730 
730 


Nov. 

Dec. 

730 

675 

700 

675 

700 

675 

675 

650 

675 

560 

650 

560 

650 

520 

675 

480 

700 

480 

675 

450 

675 

450 

675 

480 

675 

520 

675 

600 

675 

675 

675 

940 

675 

940 

675 

940 

675 

880 

675 

820 

675 

790 

700 

560 

700 

520 

700 

520 

700 

580 

700 

625 

700 

625 

700 

760 

675 

8-20 

675 

760 

675 

Note.— March  18  to  Julv  31  discharge  obtained   indirectly;  August  I  to  December  31  discharge 
obtain^  from  rating  table  based  on  four  measurements  made  at  permanent  station. 

Estimated  monthly  discharge  of  Boise  River  near  Highlandy  Idaho,  for  1905. 
[Drainage  area,  2,614  square  miles.] 


Month. 


March  18-31 . 

April 

May 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean. 


June 

July 

August 

September. 
October. . . . 
November. 
December. . 


2,090 

4,570 

5,360 

6,260 

2,150 

820 

650 

790 

730 

040 


1,630 

1,650 

2,580 

2,240 

750 

560 

560 

600 

650 

450 


1,774 

2,937 

3,707 

4.121 

l,/72 

643 

578 

693 

684 

652 


Total  in 
acre-feel. 


49,260 
174.800 
227,900 
245,200 
78,210 
39,540 
34,390 
42.610 
40,700 
40,090 


The  period . 


VT2, 710 


Run-oll. 


Second-leell  n„^»h  !« 
per  square  I  Vn?h«J 


0.679 
1.12 
1.42 
l.:>h 
.487 
.246 
.221 
.265 
.262 
.249 


0.  354 
1  25 
1.64 

1.  ;6 
.562 
.2H4 
.247 
.3(6 
.:92 
.2V7 
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STBEAM   MEASUREMENTS   IN   1905,  PART   XIV. 


MAUaEUR  RIVER  NEAR  WBSTFAXL,,  OREG. 

This  station  was  established  December  15, 1903,  by  John  H.  Lewis,  and  was  d^scootiiraed 
October  31,  1905.  It  is  located  3  miles  below  the  Harper  ranch,  near  WestCall,  22  miles 
above  Vale,  Oreg. 

The  channel  is  straight  for  about  1,000  feet  above  and  200  feet  below  the  station  and  the 
current  is  swift.  The  right  bank  is  low,  covered  with  sage  brush,  and  pverflows  during  high 
water.  The  left  bank  is  high,  rocky,  and  not  liable  to  overflow.  The  bed  of  the  stretm  is 
composed  of  gravel  and  sand  and  is  free  from  vegetation  and  shifting.  There  is  bat  ooe 
channel  at  low  water  and  the  main  channel  and  two  sloughs  at  high  stages. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  wire. 
Hie  initial  point  for  soundings  is  the  zero  of  the  tagged  wire. 

The  original  gage  was  a  staff  attached  vertically  to  a  frame  bent  of  a  bridge  which  fonDerir 
occupied  this  site,  on  the  left  bank.  An  inclined  gage  was  established  on  the  right  btnk, 
50  feet  above  the  cable,  July  27, 1904,  the  datum  being  changed.  During  1905  the  gige  wu 
read  at  varying  intervals  by  Clarence  Vines.  The  bench  mark  is  a  nail  in  the  top  of  the 
post  to  which  the  stay  wire  is  fastened;  elevation,  15.92  feet  above  the  datum  of  Uie  indiDed 

gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Suj^y  Vfm 
of  the  United  States  Geological  Sufvey: 

Deacription:  100,  pp  427-428;  135,  p  203. 
Discharge:  100,  p  428;  135,  p  204. 
Discharge,  monthly:  135,  p  205. 
Oage  heights:  100,  p  428;  135,  p  204. 
Rating  table:  135.  p  205. 

Discharge  measurements  of  Malheur  River  near  WestfaU,  Oreg.,  in  1905. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gace 
Jielght. 

Dto- 
cfaaifB. 

February  6 

March  3 

Smith  and  Griffin 

Feet. 
188 
105 
197 
202 
202 
193 
192 
180 
180 
188 
44 
34 

135 
437 
450 
532 
550 
303 
232 
133 
157 
119 
32 
20 

Feet  per 
Meamd. 

2.12 

3.70 

3.65 

3  74 

4.10 

3.42 

2.44 

2.49 

2.38 

2.00 

1.38 

1.01 

Feet 

5.78 
7.09 
7.20 
7.72 
7.82 
6.70 
6.40 
5.83 
5.80 
5.70 
5.13 
4.94 

Seamd' 

Smith  and  Johnson 

i,ei8 

March  4. 

E.  N.  Smith 

1,680 

March  13 

do 

1,990 

March  14 

do 

2,2S0 

March  28 

J.  M.  Griffin 

1,(05 

AprU17 

May  19 

June  13 

....do 

S67 

Griffin  and  Smith 

3M 

E.N.  Smith 

r4 

June  19 

.     .do 

23R 

July  18 

Septemberl... 

Smith  and  Yates 

44 

E.  N.  Smith 

30 
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Daily  gage  height ^  in  feet ,  of  Malheur  River  near  WestfaUf  Oreg.^for  1906. 


Dmy. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

J                              \ 

6.5 
6.5 
6.7 
6.9 
7.0 
6.7 
6.6 
6.6 
6.7 
6.7 
6.7 
6.7 
6.6 
6.5 
6.5 
6.5 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.2 

6.2 
6.2 
6.2 
6.1 
6.1 
6.1 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
5.9 
5.8 
5.8 
6.7 
6.7 
5.6 

6.9 

2 

6.5 

4.9 

3 

7.1 
7.2 
7.0 
7.0 
7.1 
7.0 
6.8 
6.9 
7.1 
7.4 
7.7 
7.8 
7.4 
7.2 
7.1 
6.9 
6.9 
7.0 
7.4 
7.2 
6.9 
6.9 
6.9 
6.7 
6.7 
6.7 
6.6 
6,6 
6.5 

4 

5 

6.8 

4.9 

6 

7      

5.4 

5.3 

8 

9 

6.8 



6.0 

H) 

11 



6.3 

12 

4.6 

13 

5.9 

14 

6.2 

5.4 

15 

16 

6.8 

5.1 

17 

« 

6.6 

6.1 

19 

20 

21 

5.0 

5.6 

22 

6.6 

4.96 

23 

5.6 

5.2 

24 

9.0 
7.3 
7.0 
6.5 

25 

26 

5.7 

5.5 

4.9 

27 

28  . 

4.9 

6.6 

29 

30 

6.7 

5.5 

6.2 

31 

4.9 

NoTB.— Owing  to  distance  of  observer  from  gage,  daily  readings  were  made  only  during  high  water. 
Station  rating  tahUfor  Malheur  River  near  Westfallf  Oreg.jfrom  January  1  to  October  31, 1906. 


Gage 
height. 

Discharge. 

Gaee 
height. 

Discharge. 

Gage 
height. 

Discharge. 

h?i^t. 

Discharge. 

Feet. 

Second-feet. 

1     Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

4.60 

16 

5.80 

297 

6.90 

1,242 

8.00 

2,580 

4.70 

16 

6.90 

360 

7.00 

1,350 

8.10 

2,725 

4.80 

17 

6.00 

430 

7.10 

1,450 

8.20 

2,874 

4.90 

19 

6.10 

603 

7.20 

1,560 

8.30 

3,028 

6.00 

25 

6.20 

580 

7.30 

1,681 

8.40 

3,187 

6.10 

40 

6.30 

661 

7.40 

1,796 

8.50 

3,350 

6.20 

50 

6.40 

747 

7.60 

1,915 

8.60 

3,515 

5.30 

82 

6.50 

840 

7.60 

2,038 

8.70 

3,682 

6.40 

110 

6.60 

936 

7.70 

2,165 

8.80 

3,851 

6.50 

146 

6.70 

1,035 

7.80 

2,298 

8.90 

4,024 

6.60 

180 

6.80 

1,137 

7.90 

2,437 

9.00 

4,200 

6.70 

230 

The  above  table  Is  applicable  only  for  open-channel  conditions, 
orementa  made  doilxig  1906.    It  is  fairly  well  defined  throughout. 


It  is  based  on  12  discharge  mean- 
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STREAM   MEA8UBEMENT8   IN    1905,  PART   XIV. 


EsHmated  numthly  discharge  of  Malheur  River  near  WestfaUy  Oreg.,for  1905. 


Month. 


Discharge  in  second-feet. 


Maximum.   Minimum 


Mean. 


.1    Totalis 
I  acre-feet 


March  3-31. 

April 

May 

June 

July 

August.... 
September. 
October 


2,298 
1,350 
1,035 
360 
146 
21 
59 
189 


840 
580 
189 
146 
19 
15 
19 
82 


850 
413 
353 

62.5 
1&5  I 
40.4  < 
132      I 


79,730 
50,5* 
25.31. 
15,0 1* 

1,138 
2,<H 
8,116 


The  period. 


186,300 


I 


Note.— Gage  heights  wore  interpolated  for  days  when  tliere  was  no  reading. 

MALHEUR  RIVER  AT  VALE,  OREG. 

This  station  was  established  May  20,  1903,  by  N.  S.  Diis.  It  is  located  at  the  st^l 
highway  bridge  one-eighth  mile  southeast  of  Vale,  Oreg.  A  station  has  been  maintained 
here  at  intervals  since  1890. 

The  channel  is  straight  for  about  200  feet  above  and  300  feet  below  the  station,  and  the 
current  is  swift.  The  right  bank  is  high,  rocky,  free  from  vegetation,  and  does  not  overBow. 
The  left  bank  is  low,  and  is  composed  of  firm  earth,  covered  with  small  sagebrush,  and  is 
liable  to  overflow  at  high  water,  when  the  water  flows  in  two  sloughs  on  the  left  bank, 
which  can  be  measured  by  wading.  The  bed  of  the  stream  is  composed  of  gravel  and 
sand  and  is  free  from  vegetation  and  liable  to  shift.  There  is  but  one  channel  at  all 
stages,  with  the  exception  of  the  above-mentioned  sloughs.  The  lower  portion  of  the 
drainage  area  is  covered  with  sagebrush,  and  the  snow  is  melted  very  rapidly  by  warm 
winds,  causing  sudden  floods  of  considerable  height  but  of  short  duration. 

Discharge  measurements  were  originally  made  from  the  upstream  side  of  the  bridge. 
March  2,  1904,  a  cable,  car,  and  tagged  and  stay  wires  were  installed  about  one-fourth 
mile  downstream,  directly  opposite  the  town  of  Vale.  The  initial  point  for  soundings  is 
the  zero  of  the  tagged  wire  on  the  left  bank. 

The  original  gage  was  replaced  July  25,  1904,  by  a  standard  chain  gage  attached  to  the 
downstream  side  of  the  bridge,  near  the  center  of  the  span;  length  of  chain,  30.41  feet. 
The  datum  is  the  same.  During  1905  the  gage  was  read  twice  ea,ch  day  by  Isaac  McCumscy 
and  Z.  G.  Wilson.  The  bench  mark  is  the  top  surface  of  the  east  steel  caisson  at  the  north 
end  of  the  bridge;  elevation,  21.63  feet  above  the  datum  of  the  gage  and  2,236.56  feet 
above  sea  level. 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  of  the 
United  States  Geological  Survey  (Ann  =  Annual  Report;  Bull=Bulletin;  WS= Water- 
Supply  Paper): 

Description:  Ann  18,  iv,  p  348;  Bull  131,  p  68;  140,  p  242;  WS  16,  p  109;  100,  pp  424-425;  135,  p  206. 

Discharge:  Ann  11,  ii,  p  88;  18,  iv,  p  348;  Bull  131,  pp  68,  92;  140,  p  242;  WS  16,  p  160;  100,  p  425;  135, 
p207. 

Discharge,  monthly:  Ann  11,  it,  p  106;  12,  ii,  pp358,  361;  13,iii,p98;  18,  iv,  pp  349^350;  WS  100,p427; 
135,  p  208. 

Discharge,  yeariy:  Ann  13,  iii,  p  99;  20,  iv,  p  62. 

Gag©  heights:  Bull  140,  p  243;  WS  11,  p  83;  16,  p  169;  100,  p  426;  135,  p  207. 

Hydrograph:  Ann  12. 11,  p  344. 

RaUng  tables:  Ann  18,  iv,  p  349;  WS  100,  p  426;  135,  p  208. 
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Discharge  measurements  of  Malheur  River  at  Vale,  Oreg.,  in  1905. 


Date. 


Hydrographer. 


J anoary  25 Smith  and  Johnson . 

January  28 ' do 

February  4 ' do 

Februarys.. 
February  23. 
February  24. 

Haich2 

March  9 


E.  N.  Smith 

Smith  and  Griffin... 
do 

E.N.Smith 

J.  M.  Griffin 

Man^  14 |  P.  H.  Johnaon 

March  18 j do 

March  22 Smith  and  Johnson. 

March  27 do 


April  11 J.M.  Griffin 

April  19 do 

April  26 do 

May  17 do 

Jones j  E.N.Smith.... 

Jane  12 do 

June  25 i do 

July  4 *.J do 

July  10 ' do 

July  21 1 do 

July  29 do 

August  4 do 

At^nst  11 do 

August  17 do 

September  8. . .'  G.  Stubblefield. 

October  14 R.S.Hall 

November  4 do 

Decsember  27 ...  I do 


Width. 

Area  of 
section. 

Mean 
velocity. 

Feet. 

Square 
feet. 

Feet  per 
second. 

148 

647 

2.95 

117 

360 

2.20 

105 

250 

1.22 

102 

^     228 

.99 

140 

453 

2.55 

148 

570 

3.74 

139 

560 

2.90 

133 

491 

2.87 

150 

764 

3.38 

144 

540 

2.87 

141 

570 

3.13 

134 

466 

2.75 

138 

435 

2.56 

130 

350 

2.10 

123 

280 

1.90 

101 

166 

1.07 

109 

235 

1.46 

108 

227 

1.76 

100 

146 

.79 

92 

120 

.67 

92 

95 

.40 

21 

30 

1.15 

20 

25 

1.10 

20 

22 

1.02 

20 

18.3 

1.09 

19 

17.3 

.79 

20 

19.7 

.95 

10 

9.4 

4  75 

38 

52 

1.72 

99 

136 

85 

Feet. 
7.00 
5.50 
4.68 
4.40 
6.16 
7.00 
6.46 
6.45 
7.35 
6.40 
6.80 
6.08 
6.10 
5.60 
5.30 
4.40 
4.70 
5.0C 
4.15 
3.90 
3.78 
3.71 
3.67 
3.62 
3.50 
3.58 
3.62 
3.90 
4.10 
4.30 


Bla- 
charge. 


Secondr- 
feet. 

1,900 

800 

306 

226 

1,155 

2,130 

1,620 

1,405 

2,580 

1,550 

1,780 

1,281 

1,110 

740 

533 

178 

343 

410 

115 

80 

38.0 

347 

27.6 

22.5 

16.9 

13.7 

18.7 

48 

90 

116 


DaUy  gage  height,  in  feet,  of  Malheur  River  at  Vale,  Oreg.,for  1905. 


Day. 

Jan. 

Feb. 

Mar. 

6.35 

6.5 

6.55 

6.45 

6.7 

6.6 

6.75 

6.75 

6.45 

6.4 

6.5 

6.8 

7.1 

7.3 

7.15 

6.7 

6.6 

Apr. 

6.9 

6.0 

6.3 

6.45 

6.25 

5.97 

5.9 

6.23 

6.3 

6.13 

6.12 

6.0 

5.85 

5.85 

5.78 

5.67 

5.55 

May. 

5.13 

5.1 

5.1 

497 

492 

488 

477 

47 

463 

4  6 

452 

4  5 

45 

45 

445 

44 

433 

June. 

445 

4  47 

438 

445 

47 

46 

47 

5.05 

5.05 

5.02 

5.1 

497 

485 

47 

463 

4  52 

45 

July. 

Aug. 

3.62 

3.63 

3.6 

3.6 

3.57 

3.6 

3.59 

3.56 

3.54 

3.59 

3.56 

3.59 

3.58 

3.54 

3.54 

3.49 

a54 

Sept. 

3.56 

3.57 

3.58 

3.6 

3.6 

3.6 

3.6 

3.62 

3.63 

3.63 

3.66 

3.68 

3.68 

3.69 

3.68 

3.69 

3.72 

Uigiti2 

Oct. 

3.8 

3.81 

3.84 

3.86 

3.»i 

3.88 

3.88 

3.86 

3.86 

3.88 

3.86 

3.9 

3.9 

3.9 

3.9 

3.98 

401 

ed  by  V. 

Nov. 

4  15 

406 

408 

41 

411 

416 

414 

416 

417 

416 

42 

4  16 

4  18 

411 

419 

4  2 

421 

^300 

Dec. 

1 

435 

475 

46 

48 

47 

46 

46 

46 

44 

42 

426 

425 

425 

435 

415 

430 

456 

485 

47 

47 

47 

46 

4  6 

455 

46 

445 

445 

44 

445 

425 

44 

46 

465 

45 

40 

4  0 

40 

3.9 

3.9 

3.9 

3.8.') 

3.85 

3.77 

3.73 

3.7 

3.  en 

3.62 

3.6 

3.6 

3.68 

3.67 

428 

2 

419 

3 

4. 

5 

6 

7 

8.... 

429 
443 
441 
435 
437 
4  4 

9 

405 

10 

436 

11 

4  31 

12 

3.9 

13 

3.79 

14... 

3.92 

15 

4  24 

16 

4  15 

17.... 

4  2 

sle 

128  STREAM    MEASUREMENTS    IN    1905,   PART    XIV. 

DaUy  gage  height,  in  feet,  of  Malheur  River  at  VaU,  Oreg.,for  1905 — Continued. 


Day. 

j„. 

Feb. 

Mar. 

Apr. 

M.y. 

June. 

July. 

... 

Sept. 

Oct. 

Not. 

4.26 
42 
424 
424 
422 
41S 
408 
418 
426 
431 
434 
433 
434 

D«- 

18 

5.4 

5.05 

5.4 

5.35 

5.15 

5.6 

7.95 

6.92 

6.17 

5.74 

5.5 

5.35 

5.15 

5.0 

4.4 

4.35 

t: 

5.95 

6.3 

6.95 

7.25 

7.1 

6.85 

6.55 

6.4 

6.45 

6.45 

6.8 

6.8 

6.55 

6.45 

6.35 

6.22 

6.08 

6.12 

6.06 

5.98 

5.9 

5.5 
5.6 
6.5 
5.5 
5.5 
5.43 
\42 
5.4 
5.35 
5.28 
5.3 
5.32 
5.23 

4.2 

4.2 

4.2 

4.2 

4.2 

4.17 

4.15 

4.15 

4.15 

4.25 

4.6 

4.58 

4.9 

4.65 

4.45 

4.65 

4.4 

4.32 

4.25 

4.2 

4.15 

4.15 

4.15 

4.1 

4.5 

4.0 

4.3 

3w7 

3.75 

3.75 

a7 

3w7 

3.65 

3.65 

3w65 

3.62 

a6 

3.6 
3.6 
3.62 
3.63 

a54 

3.55 

3.58 

3.58 

3.50 

3.50 

3.6 

3w61 

3.50 

3.57 

3.58 

3.57 

3.58 

3.57 

3.76 

3.78 

a79 

3.8 

3.8 

3w82 

3w84 

3. 82 

3.82 

a83 

3184 

3.82 

a83 

4.07 

4.06 

4.1 

4.12 

4.1 

4.08 

4.1 

4.12 

4.1 

4.13 

4.14 

4.18 

4.14 

4.14 

428 

19 

4.3 

20 

43B 

21 

22 

447 

482 

23 

472 

24, 

4.3 

25 

44! 

20 

431 

27 

427 

28 

4M 

29 

45 

ao 

431 

31 

431 

NoTS.— Ice  conditions  during  part  of  January  and  December. 

DaUy  discharge,  in  second-feet ,  of  Malheur  River  at  VdU,  Oreg.,for  1905, 


Day. 


1 

2 

3 

4 

5 

6 

7, 

8. 

9 

10 

11 

12 

13 

14. 

15 

16 

17 

18 

19 

20 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


Jan. 

Feb. 

132 

386 

258 

318 

204 

318 

277 

318 

239 

277 

204 

277 

204 

277 

204 

258 

145 

239 

98 

239 

100 

222 

109 

230 

109 

150 

132 

204 

88 

230 

120 

258 

188 

222 

575 

188 

386 

173 

575 

222 

546 

230 

436 

1,013 

706 

1,293 

3,008 

2,058 

1,800 

2,423 

1,168 

2,237 

911 

2,000 

800 

1,673 

700 

575 

4M) 

Mar.     Apr. 


1,524 

1,673 

1,725 

1,673 

1,778 

1,572 

1,778 

1,725  I 

1,426 

1,382 

1,475 

1,887 

2,237 

2,486 

2,298 

1,778 

1,622 

1,524 

1,572 

1,524 

1,832 

1,778 

1,524 

1,475 

1,428 

1,355 

1,281 

1,225 

1,250 

1,192 

1,068 


1,068 

1,168 

1,382 

1,524 

1,338 

1,065 

1,013 

1,276 

1,293 

1,151 

1,143 

1,060 

940 

940 

890 

814 

733 

700 

766 

700 

700 

700 

624 

618 

605 

675 

534 

546 

658 

506 


May. 

June. 

July. 

Aug. 

Sept. 

462 

239 

88 

20 

14 

436 

247 

96 

22 

15 

436 

214 

08 

18 

16 

372 

239 

78 

18 

18 

349 

340 

78 

15 

18 

331 

298 

78 

18 

18 

285 

318 

60 

17 

18 

277 

4M) 

60 

14 

20 

260 

462 

40 

12 

22 

230 

446 

34 

17 

22 

211 

462 

30 

14 

25 

204 

396 

24 

17 

28 

204 

340 

20 

16 

28 

204 

277 

18 

12 

29 

188 

260 

18 

12 

28 

173 

211 

28 

7 

29 

153 

204 

26 

12 

34 

120 

188 

30 

12 

38 

120 

268 

37 

13 

41 

120 

173 

37 

16 

43 

120 

161 

30 

16 

44 

132 

132 

30 

17 

44 

125 

120 

24 

17 

47 

120 

109 

24 

18 

50 

120 

109 

24 

19 

47 

120 

109 

20 

17 

47 

150 

98 

18 

15 

60 

277 

204 

18 

16 

60 

260 

88 

18 

15 

47 

410 

160 

20 

16 

48 

298 

22 

15 

Oct. 


44 

46 

60 

64 

54 

57 

67 

54 

54 

57 

54 

60 

60 

60 

60 

74 

80| 

92 

•ol 

98  1 
102 

96 

94 

96 
102 

98 
106 
107 
116 
107 
107 


Not.    Dee. 


109 
90 
94 
98 
100 
111 
107 
111 
113 
111 
120 
111 
116 
100 
118 
120 
122 
135 
120 
130 
130 
125 
116 
94 
116 
136 
148 
166 
153 
156 


NoTK.— Owing  to  diangeable  bed  the  daily  discharge  has  been  obtained  indirectly. 
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Estimated  monthly  discharge  of  Malheur  River  at  Vale,  Oreg.ffor  1906. 
[Drainage  area,  4,190  square  miles.] 


Month. 


Jannaxy... 
February.. 

Umnh 

April 

May 

June 

July 

August.... 
September. 

October 

Korember. 
December.. 


Discharge  in  second-feet. 


Maximum.  Minimum.      Mean. 


The  year. 


3,096 

2,423 

2,486 

1,524 

462 

490 

98 

22 

50 

116 

156 

327 


3,008 


150 

1,068 

506 

120 

88 

18 

7 

14 

44 

90 


503 

642 
1,616 

898 

235 

244 
39.6 
15.6 
32.6 
77.1 

119 

155 


381 


Total  in 
acre-feet. 


30,930 

35,660 

99,360 

53,440 

14,450 

14,520 

2,435 

959 

1,940 

4,741 

7,081 

9,531 


275,000 


Run-off. 


Second-feet 

per  square 

mile. 


0.120 
.153 
.386 
.214 
.066 
.058 
.0005 
.0037 
.0078 
.018 
.028 


Depth  in 
inches. 


0.138 
.159 
.445 
.239 
.065 
.065 
.011 
.0043 
.0087 
.021 
.031 
.043 


.096 


Note.— Estimates  during  January  and  December  may  be  slightly  large  owing  to  ioe  conditions. 
MALHBUR  RIVBR  AT  MCLAUGHLIN'S   BRIDGE,  NEAR  VALE,  OREG. 

Hiis  stAtion  was  established  December  10,  1904,  by  W.  C.  Sawyer.  It  is  located  at  the 
new  county  bridge,  known  as  McLaughlin's  bridge,  10  miles  above  Vale,  Oreg. 

Discharge  measurements  are  made  from  the  iron  bridge  to  which  the  gage  is  fastened, 
consisting  of  two  spans  and  wooden  approaches. 

A  standard  chain  gage  is  attached  to  the  upstream  hand  rail  of  the  bridge,  near  the  left 
bank;  length  of  the  chain,  21.72  feet.  In  1905  the  gage  was  read  weekly  during  a  portion 
of  January  and  February  and  daily  during  the  remainder  of  the  year  by  R.  N.  Linebaiger. 

A  description  of  this  station  is  contained  in  Water-Supply  Paper  No.  135,  United  States 
Geological  Survey,  page  109. 
Disgorge  measurements  of  Malheur  River  at  McLaugKLxn^s  hridge,  near  Vale,  Oreg.,  in  1905, 


Date. 


Hydrographer. 


January  28 Smith  and  Johnson . 

February  27 do. 

March  2 Orlffin  and  Johnson. 

March  12 E.  N.Smith 

March  14 ; do 

April  L Smith  and  Griffin.. 

AprUl7. J.  M.  Griffin 

^April30. ' do 

*M«r6 do 

May  16 1 do 

June  14 1  E.N.Smith 

June  28 1 do 

July  18 '  Yates  and  Smith... 

July  28 Smith  and  Sawyer. 

August  4 E.N.Smith 

August  12a do. 


September  2...' do 

October  126...'  Sawyer  and  Uall. 


November  6 . 


R.  S.  Hall. 


IVldth. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

Feet. 

Square- 
feet. 

Feet  per 
second. 

Feet. 

Second- 
feet. 

84 

160 

4.56 

3.80 

730 

110 

310 

4.87 

4.70 

1,510 

98 

290 

4.55 

4.50 

1,320 

112 

355 

4.93 

5.00 

1,750 

153 

409 

6.21 

6.41 

2,133 

96 

223 

4.35 

4.00 

970 

90 

260 

3.43 

3.90 

800 

112 

127 

3.76 

3.60 

478 

79 

138 

3.15 

3.35 

434 

76 

128 

2.30 

3.00 

294 

78 

143 

2.39 

3.10 

342 

74 

99 

1.10 

2.60 

112 

67 

73 

.49 

2.30 

36 

67 

82 

.41 

2.21 

34 

16 

9.8 

1.60 

2.18 

16 

14 

8.2 

1.16 

2.12 

10 

16 

9.3 

1.50 

2.12 

14 

38 

23 

2.78 

2.38 

64 

73 

98 

1.23 

2.68 

120 

a  One-^ialf  mile  above  bridge. 


b  About  300  feet  above  bridge. 
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Daily  gage  height,  in  feet,  of  Malheur  River  at  McLaugMin^s  bridge,  near  Vale,  Oreg.,for  19f^. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

2.93 

2.95 

2.9 

3.0 

3.1 

3.1 

3,25 

3.7 

3.3 

3.4 

3.3 

3.27 

3.05 

3.07 

3.0 

2.96 

2.9 

2.86 

2.85 

2.83 

2.75 

2.7 

2.67 

2.65 

2.66 

2,6 

2.6 

2.6 

2.6 

2.6 

July. 

Aug. 

Sept. 

Oct. 

2.4 

2.4 
%i 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.i 
2.38 
2.4 
2.45 
2.48 
2.5 
2.52 
2.52 
2.55 
IS- 
IS? 
2.57 
2.68 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 

.. 

2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.65 
2.62 
2.62 
2.62 
2.62 
2.6 
2.6 
2.5 
15 
2.5 
16 
16 

Dec. 

1 

3.0 

3.0 

3.0 

3.0 

3.0 

2.97 

3.0 

3.0 

3.05 

3.05 

3.1 

3.1 

3.1 

3.15 

3.4 

3.65 

3.9 

4.15 

4.4 

4.65 

4.85 

4.75 

5.5 

6.6 

5.0 

4.45 

4.a5 

3.8 

3.6 

3.6 

3.3 

3.2 
3.1 
3.1 

ao5 

3.0 

3.0 

2.9 

2.9 

2.9 

2.9 

3.25 

3.4 

3.5 

3.4 

3.3 

3.2 

3.1 

3.05 

3.4 

4.0 

4.4 

4.88 

4.22 

5.18 

5.35 

6.3 

4.85 

4.65 

46 

456 

450 

466 

465 

4  62 

48 

47 

455 

466 

47 

6.0 

6.42 

6.45 

5.2 

48 

46 

452 

4  6 

45 

6.0 

485 

4  5 

4  5 

4  4 

42 

415 

425 

41 

405 

40 

40 

407 

445 

46 

427 

41 

7.1 

416 

427 

425 

425 

416 

40 

40 

40 

3.92 

3.85 

3.85 

3.8 

3.8 

3.87 

3.8 

3.75 

3.75 

3.7 

3.7 

3.75 

3.75 

3.72 

3.6 

3.45 

3.5 

3.6 

3.45 

3.4 

3.3 

3.2 

3.1 

3.05 

3.05 

3.0 

3.07 

3.0 

2.9 

2.9 

2.85 

2.82 

2.8 

2.75 

2.73 

2.7 

2.7 

2.7 

2.7 

2.9 

2.75 

3.3 

2.95 

2.98 

ao 

2.6 

2.6 

2.6 

2.48 

2.45 

2.43 

2.4 

2.4 

2.4 

2.33 

2.25 

2.2 

2.25 

2.25 

2.35 

2.35 

2.36 

2.33 

2,3 

2.27 

2.26 

2.23 

2.2 

2.2 

2.2 

2.2 

2.25 

2.2 

2.2 

2.19 

2.18 

2.2 

2.18 

2.2 

2.18 

2.15 

2.15 

2.15 

2.12 

2.15 

2.15 

2.13 

2.15 

2.16 

2.1 

2.15 

2.1 

2.1 

2.1 

2.12 

2.12 

2.12 

2.14 

2.13 

2.13 

2.14 

2.14 

2.14 

2.15 

2.12 

2.12 

2.12 

2.12 

2.12 

2.15 

2.15 

2.15 

2.15 

2.18 

2.18 

2.2 

2.22 

2.22 

2.22 

2.22 

2.24 

2.25 

2.25 

2.28 

2.3 

2.3 

2.32 

2.35 

2.35 

2.36 

2.35 

2.35 

2.4 

2.4 

2.4 

2.4 

2.4 

2.6 

Deceml 

10 

2 

2.* 

3 

2.5 

4 

1^ 

6 

i:'4 

6 

2.«j 

7 

la 

8 

IT 

0 

27 

10 

27 

11 

2.75 

12 

2.9 

13 

7% 

14 

10 

16 

10 

16 

10 

17 

10 

18 

10 

19 

3.0 

20 

ao 

21 

22 

10 

ao 

23 

10 

24 

10 

26 

10 

26 

10 

27 

10 

28 

10 

29 

10 

30 

10 

31 

10 

NoTB.— Ice  CO 

ndition 

s  durin 

gpart 

of  Janu 

Ary  an( 

i  Febru 

lary  an4 

1  all  of 

ler.    G 

age  heights  lo 

top  of  ice. 

Station  rating  table  for  Malheur  Rivera!  McLaughlin^  8  bridge,  near  Vale,  Oreg.,from  MarA  1 
to  April  15  and  May  16  to  December  81,  1905. 


Gage 
height. 

Feet. 

1 
Discharge,  i 

Second-feet. 

GaKC 
height. 

Feet. 

Discharge.  | 

Gage 
height. 

Discharge. 

:  h^ft. 

Discharge. 

Second-feet.] 

Feet. 

Second-feet. 

!     Feet. 

Second-feet. 

2.00 

2    i 

3.20 

396    1 

440 

1,250 

\        6.50 

2,220 

2.10 

11    1 

3.30 

455 

450 

1,340 

6.60 

2,319 

120 

24    1 

3.40 

516    1 

460 

1,423 

6.70 

2,422 

130 

42    1 

3.50 

580 

4  70 

1,507 

6.80 

2,528 

140 

64    1 

3.60 

648 

480 

1,593 

6.90 

2,634 

150 

90    1 

3.70 

717 

490 

1,679 

6.00 

2,740 

IfiO 

122    1 

3.80 

789 

5.00 

1,766 

6.20 

2,953 

170 

150    ' 

3.90 

864    1 

5.10 

1,864 

6.40 

3,170 

180 

200    ' 

4  00 

940    ' 
1,018    1 

5.20 

1,942 

6.60 

3,392 

190 

243 

410 

5.30 

2,032 

6.80 

3,622 

3.00 

290  ; 

341    ' 

I 

420 

1,098 

6.40 

2,125 

7.00 

3,860 

3.10 

430 

1,178 

The  above  table  Is  applicable  onlv  for  open-channel  conditions.    It  is  based  on  15  discbarge  ineasnre- 
ments  made  during  1905.    It  is  weU  defined  between  gage  heights  2.1  feet  and  6.4  feet. 


On  account  of  the  shifting  channel  the  rating  table  does  not  apply  prior  to  Mardi  1  m<3 
'**"      '  "  Estimates  during  those  intervals  were  computed  by  the  IndiiectmetbwL 


Note, 

between  April  16  and  May  15.    . 

In  the  computation  missing  gage  heights  were  interpolated. 
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Etiimated  monthly  discharge  of  Malheur  River  at  McLaughlin^s  bridge,  near  Vale,  Oreg.,  for 

1905. 

[Drainage  area,  3,320  square  miles.] 


Month. 


Discharge  in  second-feet. 


1  Maximum. 


Jann&ry.... 
February... 

Mandi 

.\pril 

May 

Jane , 

July 

Aogust 

8ept«mber. 

October 

November. , 
December.. 


2,980 

2,060 

2,170 

3,980 

475 

715 

122 

24 

64 

122 

140 

290 


Minimum. 


260 

210 

940 

485 

160 

122 

22 

11 

13 

44 

90 

140 


Mean. 


751 

726 
1,438 

971 

283 

274 
47.0 
15.8 
37.1 
87.7 

120 

251 


The  year. 


3,980 


417 


Run-off. 


Total  in 
acre-feet. 


46,180 

40,320 

88,420 

57,780 

17,400 

16,300 

2,890 

972 

2,206 

5,392 

7,140 

15,430 


Second-feet 

per  souare 

mile. 


0.226 
.219 
.433 
.292 
.085 
.083 
.014 
.0048 
.011 
.026 
.036 
.076 


300,400 


.126 


Depth  in 
inches. 


0.261 
.228 
.499 
.326 
.098 
.093 
.016 
.0055 
.012 
.030 
.040 
.088 


1.606 


MALHBUB  RIVER  AT  HALLJDAY'S  BRIDGE,  NEAR  ONTARIO,  OREG. 

This  station  was  established  December  8,  1904,  by  W.  C.  Sawyer,  and  discontinued  July 
31,  1905.  It  is  located  at  Halliday's  bridge,  10  miles  west  of  Ontario,  on  the  road  to  Vale, 
and  5  miles  below  the  mouth  of  Willow  Creek. 

The  channel  is  straight  for  800  feet  above  and  below  the  station.  The  right  bank  is 
high  and  clean.  The  left  bank  is  high  and  clean,  but  overflows  during  very  high  water. 
The  bed  of  the  stream  is  composed  of  sand  and  is  free  from  vegetation  and  shifting.  There 
is  but  one  channel  at  all  stages. 

Dtschai^ge  measurements  are  made  from  the  upstream  side  of  the  single-span  110-foot 
steel  highway  bridge  supported  upon  steel  caissons.  The  initial  point  for  soundings  is  a 
point  on  the  upstream  side  of  the  bridge,  20  feet  outside  of  the  center  of  the  truss  pin  on 
the  right  bank. 

A  standard  chain  gage  is  attached  to  the  upstream  hand  rail;  length  of  chain,  23.7  feet. 
During  1905  the  gage  was  read  by  T.  W.  Halliday.  Bench  marks  were  established  as 
foUows:  (1)  The  south  end  of  the  bed  plate  upon  which  the  south  end  of  the  upstream 
truss  rests  upon  the  concrete  pier;  elevation,  18.99  feet.  (2)  The  north  end  of  the  bed 
plate  upon  which  the  north  end  of  the  upstream  truss  rests;  elevation,  18.89  feet.  Eleva- 
tions refer  to  the  datum  of  the  gage. 
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Discharge  measurementa  of  Malheur  River  <U  HaUiday's  bridge ,  near  (hUario,  Oreg.,  in  190B. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gace 
hei^t. 

Dis- 
chargp. 

January  25 

January  26. 

January  30. 

E.  N.  Smith 

Feet. 
93 
03 
94 
85 
92 
94 
94 
95 
04 
92 
92 
90 

Square- 

505 
550 
354 
549 
532 
516 
448 
421 
281 
167 
170 
106 

Feet  per 
second. 

2.75 

2.74 

1.30 

3.76 

2.77 

2.70 

2.45 

2.41 

1.54 

.53 

.65 

.71 

Feet. 
5.16 
4.96 
3.60 
5.55 
4.80 
4.74 
4.41 
4.36 
3.30 
2.15 
2.20 
2.29 

■Seetm4- 
\     ftft. 
1.627 

Smith  and  Johnson 

1,507 

Sawyer  and  Griffin. 

*aO 

February  24.... 
March  1 

J.  M.  Griffln 

2,060 

.  ..do 

1,475 

March  25 

W.  C.  Sawyer 

!.» 

March  27. 

do 

1.0M 

April  11 

Smith  and  Griffin 

1,014 

Mays. 

do 

432 

June  21 

E.  N.  Smith 

m 

November  10... 

R.  S.  Hail 

m 

December  29 . 

do 

75 

DaUy  gage  height,  in  feet,  of  Malheur  River  at  HaUiday^s  bridge,  near  Ontario,  Greg.,  for  19(^. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

1 

2.7 

2.7 

2.8 

2.85 

2.8 

2.6 

2.6 

2.35 

2.3 

2.35 

2.35 

2.3 

2,35 

2.35 

2.35 

2.5 

2.45 

3.85 

3.85 

4.5 

4.3 

3.85 

5.0 

7.15 

6.9 

4.8 

4.35 

3.96 

3.6 

3.4 

3.3 

3.2 

3.1 

3.0 

2.9 

2.9 

2.8 

2.7 

2.6 

2.7 

2.6 

2.4 

2.8 

2.6 

2.65 

2.7 

2.8 

2.7 

2.7 

2.7 

2.8 

3.25 

4.76 

5.15 

6.65 

5.85 

5.6 

6.35 

6.05 

4.85 

4.95 

4.95 

4.9 

5.1 

5.15 

6.2 

6.1 

4.96 

4.85 

6.0 

6.25 

5.4 

5.0 

4.85 

4.85 

4.76 

4.85 

6.16 

6.2 

6.0 

4.85 

4.7 

4.6 

4.4 

4.35 

4.25 

4.2 

4.2 

4.16 

4.22 

4.68 

4-77 

4.53 

4.27 

4.18 

4.25 

4.32 

4.35 

4.?7 

4.23 

4.12 

4.05 

4.0 

3.83 

3.8 

3.76 

3.76 

3.75 

3.75 

3.7 

3.65 

3.6 

3.65 

3.48 

3.46 

3.47 

3.62 

3.38 

3.3 

3.27 

3.2 

3.1 

3.1 

3.06 

2.97 

2.93 

2.85 

2.55 

2-45 

2.43 

2.4 

2.35 

2.35 

2.3 

2.25 

2.17 

2.22 

2.0 

1.95 

l.V 

1.93 

1.9 

1.87 

1.85 

2.08 

2.47 

2.5 

2.33 

2.27 

2.38 

2.25 

2.2 

2.27 

2.55 

2.55 

2.65 

2.8 

3.0 

3.47 

2.97 

2.85 

2.7 

2.55 

2-4 

2.3 

2.25 

2.25 

2.6 

2.17 

2.1 

2-03 

1.92 

1.85 

1.85 

1.83 

1.77 

1.68 

1.67 

1.73 

1.67 

2 

l.€7 

3 

h» 

4 

l.S 

5 

1.5 

6 

1.5 

7 

l.« 

8 

Li 

9 

1.5 

10 

1.4 

11 , 

1.4 

12 

1.3 

13 

1.3 

14 

1.4 

15 

I  1 

16.... 

1.4 

17 

18 

1.4 

19 

1.4 

20 

1.S 

21 

1.35 

22 

l.S 

23 

1.4 

24 

1.4 

25 

1.4 

26 

l.S 

27 

1.35 

28 

1.35 

29 

1.35 

30 

31 

1.4 
1.4 

Note.— No  ice  record. 
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Skstwn  rating  table  for  Malheur  River  at  HaUiday'a  bridge  j  near  OrUariOf  Oreg.,from  January  1 

to  July  31, 1906. 


^t. 

Discharge. 

'a. 

Discharge. 

Gage 
height. 

Discharge.  | 

Gage 
hei^t. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.40 

9 

2.40 

145 

a40 

481 

4.40 

1,098 

1.60 

17 

2.50 

170 

3.50 

525    ! 

4.50 

1,174 

i.eo 

26 

2.60 

197 

aeo 

575    1 

4.60 

1,252 

1.70 

36 

2.70 

226 

a7o 

630    ! 

4.70 

1,332 

1.80 

47 

2.80 

287 

a8o 

680    I 

4.80 

1,413 

1.90 

50 

1        2.90 

290 

1     aoo 

752    ' 

4.90 

1,495 

2.00 

72 

aoo 

325 

4.00 

817 

5.00 

1,578 

2.10 

87 

a  10 

361 

4.10 

885 

5.20 

1,748 

2.20 

104 

3.20 

399 

4.20 

954 

5.40 

1,925 

2.30 

123 

3.30 

439 

4.30 

1,025    1 

5.60 

2,110 

The  aboTe  table  is  applicable  only  for  onpen'Chaiinel  conditions.  It  is  based  on  12  dlschaige  measure- 
ments made  during  1904-5.  It  is  well  denned  between  gage  heights  1.3  feet  and  5.5  feet.  The  table  has 
been  extended  beyond  these  limits.  Above  gage  height  5.5  feet  the  rating  curve  is  a  tangent,  the  differ- 
ence being  96  per  tenth. 

Eetimated  monMy  discharge  of  Malheur  River  at  Halliday's  bridge ,  near  Ontario ,  Oreg.ffor 

1906. 


Month. 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean 


ToUlin 
acre-feet. 


January... 
February. 

March 

April 

May 

June 

July. 


3,582 

2,158 

1,925 

1,388 

430 

512 

33 


123 
170 
954 
473 
53 
33 


635 
663 
1,484 
810 
183 
149 
11.6 


30,040 
36,820 
91,250 
48,200 
11,250 
8,866 
713 


The  period. 


236,100 


DITCHES  IN  MALHEUR  RIVER  VALLEY,  OREGON. 
Vnns  DITOH  ABOVE  VALE,  OREO. 

Tliis  ditch  diverts  water  from  the  right  bank  of  Malheur  River  about  1  mile  above  the 
mouth  of  Malheur  Canyon  and  14  miles  above  Vale. 
The  gage  and  measuring  section  was  half  a  mile  below  the  mouth  of  the  canyon. 


Dischi 
Date. 

%rge  measurements  of  Vines  ditch  above  Vale,  Oreg.j 
Hydrographer. 

in  1904  and  19i 

06. 
Discharge. 

1904. 
Jane  29 

M.  W.  Torkelson. 

Second-feet. 
1.23 

September  23 . . 

E.  N.  Smith 

.60 

Aogust  5. 

M.  W.  Torkelson. 

.32 

1906. 
Jonell 

E.N.Smith  

3.7 

Jane  28.    

do 

1.3 

September  30 . . 

Hawthorne  and  Oriffln 

1.0 

October  12 

Hall  and  Sawyer 

1.7 

November  6.. . . 

R.  8.  Hall. 

.9 
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KALHEITR  FAKKEKB'  GAKAL  ABOVE  VALS,  OKSO. 

This  canal  diverts  water  from  the  left  bank  of  Malheur  River  one-fourth  mile  abore  tba 
mouth  of  Malheur  Canyon  and  about  13  miles  above  Vale. 
The  gage  and  measuring  section  was  located  a  short  distance  below  the  waste  gate. 

Discharge  measuremenls  of  Malheur  Farmers*  canal  above  VaU,  Oreg.,  in  190^  and  19^.:. 

Date. 

Hydrographer. 

DiachMTf 

1904. 
June  24. 

Torkelson  and  Hawthorne. 

Seeomdief!. 

Julys. 

M.  W.  Torkelson. 

33LI 

July  27. 

do 

Ife-fe 
114 
&.0 

August  5. 

do 

September  23 . . 

E.  N.  Smith 

1905. 
Mays 

J.  M.  Griffin 

816 

May  16. 

Smith  and  Griffin 1 

50. » 

June  27 

E.  N.  Smith 

17.4 

July  12. 

do 

27.6 

September  30 . . 

T.  H.  Hawthorne 

16.7 

November  6.... 

R.  S.  HalL 

10-3 

» 

VLAXTGHLIN  DITOE  ABOVE  YALE,  OEBO. 

Water  diverted  from  the  right  bank  of  Malheur  River  1  mile  below  the  mouth  of  Malheur 
Canyon,  12  miles  above  Vale,  is  divided  one-fourth  mile  below  the  point  of  diveraioQ,  the 
left  branch  being  the  McLaughlin  ditch  and  the  right  the  ''J.  H." 

The  McLaughlin  ditch  was  measured  at  the  dividing  flume. 

The  McLaughlm  ditch  was  the  only  one  above  the  Nevada  ditch  which  carried  water 
between  July  15  and  about  September  25,  the  Nevada  having  established  a  prior  right  over 
all  of  the  others. 

Discharge  measurements  of  McLaughlin  ditch  above  Vale,  Oreg.,  in  1904  a^  ^^05, 


Date. 


Hydrographer. 


1904. 

June  25 

JulyG 

July  22 

August  25 

September  23. 

1905. 

May  16 Smith  and  Griffin 

June  14 1  E.N.Smith 

June  28 1 do 


M.  W.  Torkelson... 

....do 

....do 

Sawyer  and  Smith. 
E.  N.  Smith 


July  12 ' do 

July  28 1 do 

August  3 1 do 

August  12 ' do 

August  22 do 

September  2. do 

September  30. do 

Octobers ^  W.C.Sawyer. 

November 6 ,  R.S.Hall 


Diseharse. 

^Second-^ett. 

I  10.  s 

!  10.2 

I  6.2 

:  2.1 

j  1X2 

i 

I  19.2 

4.2 
8.T 
5.6 
7.1 
iO 

2.: 

2.5 
1.5 
.7 
.5 
.S 
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The  gage  and  measuring  section  on  the  "J.  II."  ditch  was  located  one-half  mile  below 
he  point  of  diversion  from  the  McLaughlin  ditch. 

Discharge  measuremeTiis  of*^J.  //."  ditch  above  VaUf  Oreg.j  in  1904  and  1905. 


Date. 

Hydrographer. 

Discharge. 

1904. 
fune  25 

M.  W.  Torkelaon 

Second-feet. 
8.3 

July  6 

.do     

9.6 

July  22 

.do 

8.7 

.Vagust  5 

do 

7.1 

1905. 
May  16 

Smith  and  Griffin 

7.7 

June  15 

E.  N.  Smith 

11.1 

June  28- 

..do 

6.4 

Jalyl2 

September  2. . . . 

..  ..do 

.3 

do 

1.0 

September  30 

Hawthorne  and  Griffin 

.6 

October  12..     . 

W.  C.  Sawyer." 

.8 

UHEBABGIB  DITOH  ABOVE  VALE,  OBSG. 

The  Liuebarger  ditch  diverted  water  from  the  right  bank  of  Malheur  River  10  miles  above 
Vale,  Oreg.,  from  May  1  to  June  14,  1905.  June  14,  1905,  a  discharge  measurement  made 
by  E.  N.  Smith  gave  a  discharge  of  2.7  second-feet. 

OEIXEEKAH  a  FBOHKAir  DITOH  ABOVE  VALE,  OBEO. 

This  ditch  diverts  water  from  the  left  bank  of  Malheur  River  about  8  miles  above  Vale. 
The  gage  and  measuring  section  were  located  at  Ricker's  ranch. 

Thsdusrge  measurements  qfGeUerman  <fc  Frokman  ditch  above  Vale^  Oreg.,  in  1904  (^^  1905. 


Date. 

Hydrographer. 

Discharge. 

1904. 
June  25 

M.  W.  Torkebon 

Second-feet. 
13.5 

July  30 

do 

4.5 

September  23w . 

E.  N.Smith 

1.6 

1905. 
Mays.... 

J.  M.  Griffin 

64.7 

May  15 

E.  N.Smith 

70.7 

June  12. 

..do .         

42.8 

June  27... 

do 

25.6 

Iulyl2 

do 

8.6 

October  12 

Sawyer  and  Hall 

1.1 
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BAITD  HOLLOW  DITOH  ABOVE  YALS.  OKSO. 

This  ditch  diverts  water  from  the  right  bank  of  Malheur  River  6  miles  above  Vale. 
The  gaging  station  was  located  at  High's  ranch. 

Discharge  measurements  of  Sand  Hollow  ditch  above  Vale,  Oreg.,  in  1904  and  1905. 


Date. 

Hydrographer. 

DlachAipt 

1904. 
June  29 

M.  W.  Torkelaon 

SecondiefL 

12.4 

July  30 

do 

5  6 

August  9 

...  .do 

ti 

September  23. . . 

E.N.Smith 

&0 

1905. 
May  17 

Smith  and  Oriffln 

I2.e 

June  16 

E.  N.  Smith 

6.4 

June  29 

do 

July  13 

do 

3  3 

October  12 

Sawyer  and  Hall 

ih 

November  16. . . 

R.S.Hall 

&1 

HOPE  KILL  DITOH  AT  YALE,  OREO. 

This  ditch  diverts  water  from  the  left  bank  of  Malheur  River  2  milee  above  Vale.    Its 
water  was  formerly  used  by  a  mill  one-half  mile  south  of  Vale  and  returned  to  the  river. 
Gagings  were  made  just  above  the  Bully  Creek  crossing. 

Discharge  measurements  of  Hope  Mill  ditch  at  Vale^  Oreg.,  in  1905, 


Date. 

Hydrographer. 

Dischaise^ 

May  1 

J.  M.  Griffin 

Seamd-feft 
Hi 

June  10 

E.N.Smith 

9.9 

June  27 

do 

8.2 

Julys 

do 

.S 

October  12 

Sawyer  and  HalJ 

S.2 

November  4 

R.  S.  Hall 

5.6 

HEYASA  DITOH  BELOW  YALE,  OEEO. 

This  ditch  diverts  water  from  the  right  bank  of  Malheur  River  1  mile  below  Vale. 
Measurements  were  made  1,000  feet  below  the  head-gate. 

Discharge  measurements  of  Nevada  ditch  below  ValCf  Oreg.,  in  1904  «»m^  1905. 


Date. 


1904. 

July  12 

July  20 

August  6 

August  23 

September? 

Septembers.... 
September  24.. . 


Hydrographer. 


M.  W.  Torkelson 

....do 

Torkelson  and  Smith. 
Sawyer  and  Smith . . . . 

E.  N.  Smith 

....do..... 

....do 


Di8chai:gp^ 


Seamd^tti^ 

107.0 
64.1 

43.0 
SiO 
l&S 
ft.9 
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Dis^iarge  measuremenU  cf  Nevada  ditch  helow  Vale,  Oreg.,  in  1904  and  7905— Continued. 


Date. 

Bydrographer. 

Discharge. 

1905. 
April  25 

Smith  and  Orffln '. . 

Second-feet. 
48.7 

M*y25 

W.C.Sawyer 

69.3 

June? 

E.  N.Smith 

99.9 

July  13 

do 

24.0 

July  21 

do 

34.7 

July  29 

do 

27  6 

August  4 

do 

22.5 

August  11 

do 

10.9 

August  17 

do 

13.7 

August  29 

Smith  and  E no 

14.3 

September  16. . . 

G.  Stubblefleld 

25.9 

September  24. . . 

Hawthorne  and  Stubblefleld 

37.5 

October  4 

Hawthorne  and  OrifBn 

39.2 

Oct<>berlO 

Hall  and  Hawthorne 

37.2 

Discharge  measurements  ofwasteways  of  Nevada  ditch  in  1906. 
McQREOOR  WASTEWAY  BELOW  VALE,  OREO. 


Date. 

Hydrographer. 

Discharge. 

May  18 

Smith  and  Qriffln - 

Second-feet. 
0.9 

June  21 

E.  N.  Smith 



24.3 

October  4 

R.S.Hall 

15.9 

October  14 

do - 

.3 

COTTON  WASTEWAY  ABOVE  ONTARIO,  OREG. 

May  10 

E.N.Smith 

41.3 

Juiie21 

do 

6.9 

October  4 

Hawthorne  and  Griffin 

1.2 

October  16 

R.S.Hall 

.5 

BS08KAH  DITOH  HEAR  OHTASIO,  OREO. 
This  ditch  diverts  water  from  the  left  bank  of  Malheur  River  3  miles  west  of  Ontario. 
Discharge  measurements  of  Brosnan  ditch  near  Ontario ,  Oreg.,  in  1906. 


Date. 

Hydrographer. 

Discharge. 

Jaiie7 

E.  N.Smith 

Second-feet. 
0.4 

October  4 

Hawthorne  and  Griffin 

3.9 

BUIiLY  CREEK  ABOVE  VALE,  OREG. 

Hus  station  was  established  January  27,  1905.  It  is  near  the  location  of  the  original 
station  on  Bully  Creek,  one-fourth  mile  below  Warm  Springs  stage  station,  15  miles  above 
Vale,0reg.    , 

IBB  178—06 10 
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The  channel  is  straight  for  50  feet  above  and  300  feet  below  the  station.  The  curreot  is 
swift.  The  right  bank  is  high,  but  composed  of  soft  soil,  and  may  wash  away  for  70  fert. 
until  the  hillside  is  reached.  The  left  bank  is  high  and  rocky,  but  may  overflow  a  road  11 
feet  wide  until  the  vertical  cliff  is  reached.  The  bed  of  the  stream  is  composed  of  grmvel 
and  is  shifting.    There  is  but  one  channel  at  all  stages. 

Discharge  measurements  are  made  by  means  of  a  cable,  ca.r,  tagged  wire,  and  stay  wir?. 
The  initial  point  for  soundings  is  the  stream  face  of  the  bolt  to  which  the  cable  is  anchored 
at  the  left  bank. 

The  gage  is  in  two  sections.  The  lower  section,  reading  from  0  to  7.6  feet,  is  naikd  in 
an  inclined  position  to  posts  embedded  in  riprap  on  the  left  bank.  The  upper  sectioo  '» 
a  vertical  staff,  reading  from  7.6  feet  to  11  feet,  fastened  to  the  cliff.  During  1905  the 
gage  was  read  once  each  day  by  F.  O'Neill.    Bench  marks  were  established  as  folbws: 

(1)  A  cut  on  a  shoulder  of  the  cliff  11  feet  upstream  (rom  the  vertical  portion  of  the  gage: 
elevation,  9.08  feet.  (2)  A  standard  copper  bolt  cemented  in  the  solid  rock  2)  feet  up- 
stream from  the  gage  on  the  hill  side  of  the  road;  elevation,  7.61  feet.  Elevations  refrt" 
to  the  datum  of  the  gage. 

Information  in  regard  to  station  formerly  maintained  near  this  point  is  contained  in 
the  following  WateivSupply  Papers  of  the  United  States  Geological  Survey: 

Description:  100,  p  428;  136,  pp  211-212. 
Discharge:  100,  p  429;  136,  p  212. 
Gage  height:  100,  p  429;  135,  p  213. 


Discharge  measurements  ofBuUy  Creek  above  Vale,  Oreg.,  in 

1906, 

Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gaee 
height. 

Dto- 
chATge. 

January  30 

February  22 . . . 

Smith  and  Johnson 

Feet. 
37 
34 
34 
53 
48 
29 
26 
10 
8.7 

Square- 
feet. 

30 

41 

38 

80 

72 

29 

16 
4.7 
4.3 

Feet  per 
second. 

0.86 

2.07 

1.82 

3.66 

2.98 

1.14 

.75 

.94 

.39 

Feei. 
2.18 

Second- 

Smith  and  Oriffln 

2.06  1         8S 

February  23... 

E.N.Smith 

2.58            60 

February  26... 

do 

3.40  '        2M 

March  9 

Smith  and  Griffin 

3. 10          215 

April  20 

E.N.Smith 

2.35  !          33 

June  9 

do 

2.00             120 

June26o 

do 

1.88  1            4.4 

July  8 

do 

1.79          ir 

August  8  6 

do 

1.09               .3 

December  30  «  . 

R.S.nall 

12 

7.8 

.78 

2.17  i            6.1 

1 

d  Made  one-half  mile  above  cable. 


t>  Weir  measurement. 


cice. 


Daily  gage  height^  in  feet,  of  Bully  Creek  above  Vale,  Greg..,  for  1905. 


Day. 

!jan. 
1 

Feb. 

1.. 

2.12 

2 

2.1 

3 

2.1 

4 1 

2.1 

5 ' 

2.1 

6 ' 

2.1 

7 ' 

2.6 

8 1 

2.6 

9 

2.6 

10. 

11. 

12. 


Mar. 

3.3 

3.28 

3.3 

3.38 

3.62 

3.55 

3.45 

3.20 

3.1 

3.1 

3.1 

3.34 


Apr. 

M... 

June. 

2.96 

1      2.0 

2.0 

3.2 

2.0 

2.0 

3.0 

2.0 

2.0 

2.94 

;  2.0 

2.0 

2.94 

'      2.0 

2.0 

2.9 

1      2.0 

2.0 

2.8 

1      2.0 

2.0 

2.8 

I      2.0 

2.0 

2.75 

1      2.0 

2.0 

2.75 

2.0 

2.0 

2.7 

2.0 

2.0 

2.65 

1      2.0 

2.0 

July.  I  Aug.  !  Sept.     Oct.  I  Nov.    D«. 

I  I  I 


-|- 


2.0 

2.0 

2.0 

2.0 

1.9 

1.9 

1.86 

1.8 

1.8 

1.8 

1.8 

1.8 


1.64 

1.76 

1.64 

1.76 

1.64 

1.76 

1. 

1.64 

1.78 

1.64 

1.78 

1.64 

1.78 

1.64 

1.78 

1.68 

1.64 

1.78 

1.68 

1.64 

1.78 

1.68 

1.64 

1.78 

1.68 

1.64 

1.8 

1.66 

1.64 

1.8 

1. 

8 

1.9 

8 

1.9 

8 

1.9 

8 

l.«2 

82 

1.94 

82 

1.96 

84 

1.96 

84 

1.98 

84 

1.98 

86 

1.9S 

88 

2.0 

9 

2.0 
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DaHy  gage  hei^,  in  feet,  of  BuUy  Creek  above  Vale,  Greg.,  for  1905 — Continued. 


Day. 


Jan.      Feb.     Mar. 


Apr. 

_      J 


May.    JuDe.    July. 


^ 

14 ' 

15 

16 

17 

18 ! 

19 

» 

21 

22 

23 ' 

24 2.36 

25 !     2.32 

26 1     2.21 

27 1     2.18 

28 2.23 

29 1    2.19 

» t    2.18 

31 1    2.14 


2.3    ,  3.3 

2.2  3.3 

2.2  3.1 

2.3  2.98 
2.42  [  2.98 
2.22  3.0 
2.2  3.0 
2.2    ,  3.1 
2.45  3.56 
2.7  3.26 
2.7  3.12 

3.4  I  3.2 
3.4  '  3.0 
3.44  3.0 
3.4  2.94 
3.2  ;  2.9 
■  2.9 

2.9 

, 2.96 


2.6 

2.6 

2.6 

2.56 

2.5 

2.46 

2.4 

2.35 

2.26 

2.22 

2.22 

2.2 

2.18 

2.1 

2.04 

2.0 

2.0 

2.0 


2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 


2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 


1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 


Aug.     Sept.  j   Oct.     Nov.     Dec. 


2.0 

2.0 

1.8 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.66 
1.66 
1.64 
1.64  I 

1.64 ; 

1.64  i 
1.64  I 
1.64  ' 
1.64 
1.64 
1.64 
1.64 
1.64  I 
1.64  ' 
1.64  I 
1.64 
1.64 
1.64  I 
1.64  !. 


1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 


2.0 

2.02 

2.02 

2.02 

2.04 

2.04 

2.04 

2.06 

2.06 

2.08 

2.08 

2.08 

2.1 

2.1 

2.12 

2.14 

2.16 

2.18 

2.18 


Staiwn  rating  table  for  BuUy  Creek  above  Vale,  Greg.,  from  January  24  to  December  SI,  1906, 


Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet: 

he^t. 
Feet. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second- feet.' 

i.eo 

0.0 

2.20 

24 

2.80 

120 

3.30 

261 

1.70 

.3 

2.30 

32 

2.90 

146 

3.40 

292 

1.80 

2.0 

2.40 

41 

3.00 

174 

3.50 

324 

1.90 

6.0 

2.50 

54 

3.10 

202 

3.60 

358 

2.00 

1           " 

2.60 

72 

3.20 

231 

3.70 

394 

2.10 

1      "    1 

2.70 

96 

' 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  11  discharge  measurc- 
ments  made  during  1905.    It  is  well  defined  between  gage  heights  1.7  feet  and  3.4  (tvt. 

Estimated  monthly  discharge  of  BuUy  Creek  above  Vale,  Greg.,  for  1905. 


Month. 

Discharge  in  second-feet. 

Total  In 

Maximum. 

37 
3a5 
365 
231 

u 

Minimum.      Mean. 

acre-feet. 

Jwiiiary  24-31 

19      1        26. 5 
17              84.5 
146            224 
11       !        77.1 
11               11.0 

421 

February 

4.  ti93 

March 

13, 770 

April 

4,588 

Mir 

070 

June.. 

11                     11               11. 0 

65.5 

Jolr...                  

11 
.3 
.9 

2 

6 

6 

.3            3.11 

.1  1            .17 

.1               .30 

1.2             1.83 

2      ;          4.93 

6                6.00 

191 

August 

10 

September 

18 

October • 

112 

Norember 

293 

December 

369 

The  year 

3ti5 

.11        37.5 

25,800 

^OTE.— December  estimate  reduced  on  account  of  ice  conditions. 
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Birx.LT  CREEK  AT  VALE,  OREG. 

This  station  was  established  April  8,  1904,  by  John  H.  Lewis,  and  discontinued  Dm«d- 
ber  31,  1905.  It  is  located  at  the  county  highway  bridge  acixiss  Bully  Oeek  just  abore 
its  junction  with  Malheur  River,  at  Vale,  Oreg.  The  station  is  13  miles  below  the  fonncr 
station  on  this  creek,  which  was  destroyed  by  flood  and  discontinued  March  11,  1901 
Ebccept  for  a  few  days  when  the  surface  snow  is  going  off,  no  streams  enter  BuDyOeek 
between  this  and  the  old  station.  Five  small  ditches  divert  water  during  the  irrigBtkio 
season.    The  station  is  affected  by  backwater  from  Malheur  River. 

The  channel  is  straight  for  about  50  feet  above  and  300  feet  below  the  station  and  the 
current  is  swift.  Both  banks  are  high,  clear,  and  not  subject  to  overflow.  The  bed  of  the 
stream  is  composed  of  clay  and  sand  and  is  shifting.    There  is  but  one  channel  at  all  stagn. 

Dischai^  measurements  are  made  from  the  downstream  side  of  the  single-q>an  bridge. 
The  initial  point  for  soundings  is  the  south  end  of  the  east  bridge  rafling. 

A  standard  chain  gage  is  attached  to  the  bridge;  length  of  chain,  17.22  feet.  During 
1905  the  gage  was  read  once  each  day  by  Isaac  McCumsey  and  Z.  O.  Wilson,  Bench  marb 
were  established  as  follows:  (1)  The  top  surface  of  the  north  projecting  floor  beam  on  the 
east  side  of  the  bridge;  elevation,  15.36  feet.  (2)  On  the  north  end  of  stone  doorsiU  at  the 
north  door  on  the  west  side  of  old  flour  mill  about  390  feet  southeast  of  the  bridge;  eler*- 
tion,  18.80  feet.     Elevations  refer  to  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  heights  and  dischaige  data,  is  contained  in  Water- 
Supply  Paper  No.  135,  United  States  Geological  Survey,  pages  213-215. 

Discharge  measwremtnU  cf  BuUy  Creek  at  VdUf  Oreg.f  in  1905. 


Date. 


January  25 

February  1 

February  11 . . . 
February  23 . . . 
February  25... 

March  2 

March  3 

March  9 

March  23 

March  30 

April  U 

April  27 

June  10 

June  27  o 

July  29 

September  11 . . 

Octol)er  12 

November  7  o.. 
December  27... 


Hydrographer. 


E.N.Smith 

P.H.Johnson 

J.M.  Griffin 

Orlffln  and  Smith... 

J.M.  Griffin 

E.N.Smith 

P.H.Johnson 

J.M.  Griffin 

Smith  and  Johnson. 

J.M.Oriffln 

do 

do 

E.N.Smith 

do 

do 

W.C.Sawyer 

Sawyer  and  Hall 

R.S.Hall 

do 


SVidth. 

Area  of 
sectipn. 

Mean 
velocity. 

Oaee 
h^t. 

Dis- 
charge. 

Feet. 

Square 

Feet  per 
iecond; 

Feet. 

8eam4. 
feet. 

40 

18.9 

0.86 

3.70 

l&l 

40 

18.5 

1.13 

3.70 

ao.9 

40 

12 

.82 

3.60 

9.1 

42 

43 

1.72 

4.32 

74 

42 

114 

3.91 

5.95 

447 

48 

105 

4.09 

5.43 

fi» 

49 

116 

4.45 

5.63 

51« 

32 

45 

3.22 

4.80 

145 

46 

86 

3.48 

4.98 

290 

43 

58 

2.55 

4.40 

1« 

40 

34 

2.68 

3.95 

91 

26 

10.6 

2.23 

3.29 

2S.7 

31 

25 

3.00 

3.75 

75 

18 

17.8 

1.50 

3.48 

28.7 

11 

5.7 

.82 

3.05 

6 

2.9 

.62 

3.05 

10 

2.7 

.79 

3.05 

17 

8.6 

.88 

3.26 

14 

6.2 

1.09 

3.17 

a  Made  at  diflerent  section. 
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Day. 


1. 
2. 
3. 
4, 

5- 

6. 

7. 

8. 

9. 
10. 
U. 
13. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

ao. 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
3D. 


Jan. 


3.7 
3.6 
3.6 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.3 
3.4 
3.4 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.6 
4.3 
3.7 
3.8 
3.8 
3.8 
3.8 
3.65 
3.65 


Feb. 


3.7 

3.7 

3.7 

3.7 

3.7 

3.6 

3.6 

3.4 

3.6 

3.6 

3.6 

3.5 

3.5 

3.7 

3.7 

3.5 

3.6 

3.6 

3.5 

3.5 

3.7 

3.95 

4.45 

5.4 

5.75 

5.55 

6.6 

5.4 


Mar. 


5.3 

5.5 

5.5 

6.7 

5.4 

5.7 

5.45 

4.95 

4.75 

4.6 

4.6 

4.9 

5.1 

5.0 

4.8 

4.7 

4.6 

4.5 

4.5 

4.4 

5.1 

5.0 

5.1 

4.8 

4.8 

4.5 

4.6 

4.4 

4.4 

4.4 

4.4 


Apr. 


4.3 

4.6 

4.6 

4.4 

4.3 

4.2 

4.15 

4.1 

4.0 

4.0 

3.95 

3.9 

4.0 

3.75 

3.6 

3.6 

3.5 

3.45 

3.4 

3.4 

3.3 

3.3 

3.25 

3.25 

3.25 

3.3 

3.25 

3.3 

3.3 

3.3 


May. 


3.3 

3.25 

3.3 

3.3 

3.25 

3.3 

3.25 

3.2 

3.2 

3.25 

3.25 

3.25 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.45 

3.45 

3.4 

3.4 


June. 


3.4 

3.4 

3.4 

3.4 

3.6 

3.6 

3.75 

3.8 

3.B 

3.75 

3.7 

3.65 

3.6 

3.8 

3.85 

3.65 

3.65 

3.65 

3.7 

3.6 

3.6 

3.7 

3.6 

3.6 

3.6 

3.6 

3.5 

3.4 

3.4 

3.35 


July. 


3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.2 

3.25 

3.25 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.15 

3.15 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.0 


Aug. 


3.1 

3.1 

3.1 

3.0 

3.0 

3.0 

3.0 

3.02 

3.01 

3.0 

3.01 

3.01 

3.01 

3.01 

3.0 

3.01 

3.0 

3.0 

3.0 

3.0 

3.01 

3.0 

3.0 

3.01 

3.01 

3.0 

3.01 

3.02 

3.01 

3.02 

3.02 


Sept. 


3.02 
3.03 
3.03 
3.03 
3.03 
3.05 
3.04 
3.03 
3.03 
3.03 
3.03 
3.04 
3.03 
3.04 
3.02 
3.04 
3.03 
3.04 
3.04 
3.04 
3.04 
3.04 
3.06 
3.06 
3.07 
3.08 
3.08 
3.04 
3.04 
3.03 


Oct. 


3.05 
3.06 
3.04 
3.04 
3.03 
3.03 
3.04 
3.04 
3.04 
3.06 
3.04 
3.05 
3.04 
3.05 
3.04 
3.05 
3.06 
3.06 
3.05 
3.05 
3.04 
3.06 
3.06 
3.08 
3.08 
3.08 
3.06 
3.05 
3.03 
3.06 
3.03 


Nov. 


3.05 

3.05 

3.21 

3.25 

3.23 

3.21 

3.31 

3.21 

3.16 

3.1 

3.1 

3.1 

3.09 

3.61 

3.11 

3.09 

3.1 

3.06 

3.19 

3.23 

3.2 

3.25 

3.28 

3.16 

3.19 

3.42 

3.47 

3.32 

3.34 

3.36 


Dec. 


3.35 

3.4 

3.49 

3.41 

3.5 

3.32 

3.55 

3.45 

3.35 

3.45 

3.25 

3.2 

3.2 

3.12 

3.12 

3.2 

3.17 

3.2 

3.23 

3.45 

3.32 

3.17 

3.3 

3.2 

3.29 

3.2 

3.2 

3.16 

3.19 

3.17 

3.14 


Note.— No  ice  record. 

WILIX>W  CBEEK  NEAR  MALHEUR,  OREG. 

This  station  was  established  November  4, 1904,  by  W.  C.  Sawyer.  It  is  located  at  Beer's 
ranch,  about  5  miles  from  Malheur,  on  the  road  to  Huntington,  Oreg. 

The  channel  is  straight  for  100  feet  above  and  below  the  station,  and  the  current  is  swift. 
Both  banks  are  high,  clean,  and  do  not  overflow.  The  bed  of  the  stream  is  composed  of 
rock  and  gravel  and  is  free  from  vegetation,  and  permanent.  There  is  but  one  channel  at 
all  stages. 

Dischaige  measurements  are  made  by  means  of  a  cable  and  car.  The  initial  point  for 
soundings  b  the  eyebolt  to  which  the  cable  is  attached  at  the  left  bank. 

A  staff  gage  is  attached  to  an  inmiense  bowlder  at  the  mouth  of  the  canyon,  about  one- 
half  mile  below  the  cable.  During  1905  the  gage  was  read  once  each  day  by  S.  P.  Colt. 
The  bench  mark  is  a  square  chisel  draft,  marked  with  the  letters  "B.  M."  in  black  paint,  on 
the  top  of  the  bowlder  to  which  the  gage  is  fastened,  5.4  feet  upstream  from  the  gage ;  ele- 
Tation,  5.74  feet  above  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  heights  and  discharge  data,  is  contained  in  Water- 
Supply  Paper  No.  135,  United  States  Geological  Survey,  pages  215-216. 
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Discharge  measurements  of  Willow  Creek  near  Malheur,  Oreg.,  in  1906. 


Date. 


Ilydrograpber. 


I 


March  2  a W.C.Sawyer. 

March  2 do 

March  23 do 

September  14..  I do 

November 23..;  R.  8.  Hall 


I 


1  Width. 

Area  of 
section. 

Mean    | 
velocity.  1 

he'St.  ' 

1 

Feet. 

Square 
feet. 

Feet  per 
tecond.  \ 

1 
Feet. 

16 

18.7 

1.97  1 

1.63 

15 

15.0 

2.61  j 

1.52 

14 

15.3 

2.93 

1.68 

8.2 

4.5 

.93I 

.65 

4.3 

2.0 

.401 
1 

.32 

Di»- 
cbarge. 

Secoui- 
fut 

3G.S 

J7.6 

4S3 

12 

.8 


a  Made  by  wading. 
DaUy  gage  height^  in  feet,  of  Willow  Creek  near  Malheur,  Oreg.,for  1905. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1.54 

1.64 

1.6 

1.52 

1.48 

1.36 

1.32 

1.3 

1.24 

May. 

June. 

July. 

Aug.  i  Sept. 

1 

Oct. 

Nov. 

1 

Dec. 

1 ' 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.2 

1.15 

1.0 

1.05 

1.3 

1.0 

1.1 

1.2 

1.3 

1.2 

1.3 

1.4 

1.45 

1.05 

1.45 

1.45 

1.2 

1.6 

1.6 

1.9 

1.7 

1.25 

1.52 

1.6 

1.5 

1.7 

1.88 

2.1 

1.94 

1.94 

0.96 

1.0 

1.12 

1.12 

1.06 

1.0 

1.1 

1.14 

.8 

.76 

.76 

.76 

.9 

.74 

.84 

.84 

.84 

.8 

.82 

•■■:.• 

0.56 
.78 
.82 
.94 

1.0 

1.04 
.94 

1.14 

1.0 
.98 

1.0 

1.65 

1.25 

1.15 

1.1 

1.0 

1.0 
.5 
.9 
.82 
.84 
.66 
.52 
.54 

0.85 

1 

0.8 
.8 
.8 
.8 
.8 
.8 
.8 
.85 
.85 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.85 
.85 
.85 
.85 

... 

2 

1.0 

1 

1 

3  . 

i 

1 

4 

.55 

.5 

.5 

.5 

.5 

i 

. 

as 

.5 
.5 

.5 
.5 
.5 
.45 
.45 
.45 
.45 

; 

.4 
.35 
.35 
.35 

.351 
.35 

5 

as 

6 

.5 

7 .. 

' 

.5 

8 

1 

.5 

9 

1 

.5 

10 ; 

1.96  1     1.26 
1.86  1     1.26 
1.84  j     1.18 
1.8    1    1.06 
1.66       1.0 

1 

11 ! 

I 



12 

' 



13 

;          1 

14 

1 

15 

0.8 

.85 

.85 

.9 

.9 

.95 
1.0 

.95 
1.0 
1.05 
1.05 
1.1 
1.05 
1.1 
1.0 
1.15 
1.0 

1.58 
1.5 
1.56 

.8 
.78 
.78 

1 

16 

1           1 

17 

18 

1.9    j      .82 
1.62  1     1.18 
1.8    ''   1.2 
1.66  1     1.06 
1.74  1     1.06 
1.64  1     1.0 
1.58         .86 

19 

20 

1 

21       

1           ' 

22 

:::::;:!:::::;j:::::: 

23 

1 

24 

1 

.8 
.8 
.8 
.8 
.8 
.8 
.8 

25 

1.54 

1.44 

1.38 

1.36 

1.5 

1.4 

1.52 

.85 
.98 
.94 
.82 
.86 
.94 

i 

26 

27 

.92 

1 

28      

1 

29 

.6 
.65 

J 

30 

, 

1 

31 

1 

1 

1 

Note.— Creek  dry  July  15  to  August  24. 
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Station  rating  tahU  for  WiUaw  Creek  near  Malheur ^  Oreg.,  from  January  1  to  December 

31,  1905, 


Gage 

Diacharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 



Second-feet. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Ftet. 

Second-feet. 

aao 

0.5    ' 

aso 

7.0 

1.30 

24    1 

1.80 

53 

.40 

1.2 

.90 

9.5 

1.40 

29    1 

L90 

61 

.50 

2.2 

1.00 

12.5 

1.50 

34 

2.00 

69 

.60 

3.5 

1.10 

16 

1.60 

40 

2.10 

78 

.70 

.0| 

1.20 

20 

1 

1.70 

46 

2.20 

87 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  five  discharge  meas- 
axementa  made  during  1905.    It  is  lairly  well  defined. 

Estimaitd  monthly  discharge  of  Willow  Creek  near  Malheur ,  Oreg.,  for  1905. 


Month. 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean 


ToUI  in 
acre-feet. 


January  15-31 . . 

February 

March 

April 

May 

Jane 

July 

August 

September 

October 

November  1-27. 


18.0 
61.0 
78.0 
42.5 
17.5 
43.0 
8.2 
2.0 
7.0 
9.5 
6.7 


7.0 

12.5 

22.0 

6.5 

6.0 

2.0 

.0 

.0 

2.0 

7.0 

.8 


12.2 

23.4 

44.5 

18.3 

11.1 

10.5 

1.4 

.45 

4.7 

8.0 

2.0 


410 

1,300 

2,736 

1,089 

682 

625 

86 

28 

280 

492 

106 


The  period. 


7,834 


Note.— Water  was  taken  from  the  creek  above  the  gage  by  Beer's  ditch  from  April  8  to  July  3,  July  15 
to  August  24,  and  September  8-12.    The  estimated  amount  diverted  by  the  ditch  is  as  follows: 

Acre-feet. 


Acre-feet. 

April  8-30 92 

llay 124 

June 120 


July  1-3;  15-31 

August  1-24 58 

September  ft-12 20 


The  estimate  for  Willow  Creek  does  not  include  this  diversion. 


TVILL.OW  CREEK  NEAR  DELL,  OREG. 

This  station  was  established  May  12,  1904,  by  H.  D.  Newell.  It  is  located  at  a  bridge  at 
Cole's  ranch  near  Dell,  Oreg.,  28  miles  above  Vale. 

Over  two-thirds  of  the  drainage  area  is  practically  free  from  timber.  The  river  bottom 
is  irrigated  and  cultivated  and  the  higher  lands  are  covered  with  sagebrush.  The  head- 
waters of  the  creek  and  its  tributaries  drain  the  southern  slopes  of  the  Burnt  River  Mountains, 
which  are  covered  with  stunted  pines  and  junipers.  The  Eldorado  mining  ditch  brings  a 
small  volume  of  water  at  irregular  intervals  into  the  creek  from  the  headwaters  of  Burnt 
River.  The  flow  of  the  creek  is  also  alTected  by  reservoirs  used  for  mining  purp>oses  on  some 
of  its  other  tributaries. 

The  channel  is  slightly  curved  for  about  200  feet  above  and  straight  for  200  feet  below  the 
station  and  is  somewhat  obstructed  by  willows.  The  current  is  moderate.  Both  banks 
are  low,  but  all  the  water  passes  between  the  abutments  of  the  bridge.  The  bed  of  the 
stream  is  composed  of  mud  and  is  slightly  shifting.  There  is  but  one  channel  at  all  stages, 
broken  by  the  bridge  bents. 
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Discharge  measurements  are  made  from  the  downstream  side  of  the  woodeo  hi^wtj 
bridge.  The  bridge  has  a  single  span  of  about  137  feet  and  trestle  approach  at  each  end. 
The  initial  point  for  soundings  is  t^e  left  end  of  the  downstream  hand  rail. 

A  standard  chain  gage  is  attached  to  the  downstream  side  of  the  bridge;  length  of  chain, 
18.06  feet.  During  1905  the  gage  was  read  once  each  day  by  Eknory  Cole.  Bench  mads 
were  established  as  follows:  (1)  A  group  of  three  spikes  driven  into  a  post  at  the  comer  cl 
the  fence  about  40  feet  east  of  the  initial  point;  elevation,  14.92  feet.  (2)  A  cross  painted 
on  the  top  of  the  stone  of  east  abutment,  6.5  feet  from  the  initial  point  and  marked ''  B.  M.''; 
elevation,  14.79  feet.  (3)  The  top  of  a  bolt  at  the  foot  of  the  inclined  end  post  of  the 
south  truss  of  the  bridge,  20  feet  from  the  initial  point  for  soundings;  elevation,  14.97  feet. 
Elevations  refer  to  the  datum  of  the  gage. 

A  description  of  this  station  with  gage  heights,  dischaif^  data,  and  rating  table  is  con- 
tained in  Water-Supply  Paper  No.  135,  United  States  Geological  Survey,  pages  21&-21& 


Discharge  meaguremenis  of  WiUow  Creek  near  Ddl,  Oreg.,  in  1906. 

Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 

Gsse 
heigfat. 

Di»- 
chaige. 

Smith  and  Johnvon 

Feet. 
47 
42 
43 
53 
52 
41 
27 
24 
18 
5 
8 

15 
30 
38 
54 

51 

ia2 
ia5 

6.0 
5.4 
1.3 
2.9 

Feet  per 
teeond. 

1.36 

1.44 

1.54 

1.81 

1.83 

1.75 

1.06 

1.67 

1.14 

.20 

.94 

Feet. 
2.30 
2.81 
3.00 
3.80 
3.55 
2.66 
2.30 
2.10 
2.02 

Seamd- 
feet. 

2Ql3 

Maioh3 

J.  M.  Griffin 

44 

March  4 

do 

SB 

March? 

flmith  «.nd  OHffln 

fle 

March  16 

Smith  and  Johnson 

93 

April  4 

Smith  and  Oriffln 

211 

April  28. 

do 

17.4 

June?. . . 

E.  N.Smith 

ILO 

June  23 

do 

6.2 

July  11 

do 

.2 

November 7  ... 

R.S.Hall 

1.88 

17 

Daily  gage  height,  in  feet,  of  WiUow  Creek  near  DeU,  Oreg.,for  1905. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

2.6 

2.7 

2.7 

2.8 

2.7 

2.8 

2.75 

2.75 

2.75 

2.8 

3.1 

3.2 

2.9 

2.75 

2.6 

2.5 

2.6 

2.7 

2.75 

2.75 

2.75 

2.7 

2.7 

2.7 

2.5 

2.5 

2.4 

2.4 

2.4 

2.3 

2.4 

2.4 

2.5 

2.6 

2.75 

2.5 

2.6 

2.6 

2.7 

2.8 

2.75 

2.7 

2.7 

2.6 

2.7 

2.8 

2.6 

2.7 

2.7 

2.7 

2.7 

2.8 

2.8 

2.7 

2.75 

2.7 

2.7 

2.6 

2.5 

2.5 

2.55 

2.5 

2.45 

2.4 

2.5 
2.5 

2.5 

2.55 

2.6 

2.5 

2.4 

2.4 

2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.1 
2.1 
2.0 
2.0 
1.9 
1.8 
1.8 
1.8 
L8 
1.8 
1.8 
L7 
1.8 
1.8 
1.8 
1.7 

1.8 

1.8 

1.8 

1.7 

1.7 

1.8 

1.8 

1.7 

L7 

L7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.65 

1.65 

1.65 

1.65. 

L65 

1.65 

1.65 
1.65 
L65 
L65 
1.65 
L65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
L65 
1.65 
1.65 
1.65 
1.85 
L85 

2.0 

2.05 

2.05 

2.0 

2.0 

2.0 

2.0 

2.1 

2.1 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.1 

2.1 

2.15 

2.15 

2.1 

2.1 

2.1 

2.0 
2.0 
2.0 
1.9 
L9 
2.0 
2.0 
2.0 
2.0 
2.0 
2.1 
2.0 
2.0 
2.0 
2.1 
2.1 
2.0 
2.1 
2.1 
2.1 
2.0 
2.0 

2.0 

2 

2.3 

2.3 

2.4 

2.3 

2.4 

2.4 

2.4 

2.4 

2.4 

2.5 

2.5 

2.8 

3.0 

3.0 

3.0 

2.85 

3.0 

3.0 

3.0 

3.0 

3.3 

3.4 
2.8 
2.95 

a4 

3.5 
3.4 
3.5 
3.4 
3.5 
3.3 

3.8 
4.2 

3.3 
3.2 
3.2 
3.2 
3.3 
3.A 

2.0 

3 

2.1 

4 

2.1 

6 

2.1 

6 

2.1 

7 

2.1 

8 

2.1 

9 

2.2 

10 

2.2 

11 

2.3 

12 

2.8 
2.8 
2.8 
3.2 
3.2 
3.2 
3.2 
3.3 
3.3 
3.4 
3.4 

Z2 

13 

2.2 

14 

2.4 

15 

2.4 

16 

2.3 

17 

2.3 

18 

2.3 

19 

20 

21 

22 
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Daily  gage  heii^,  in  feel,  of  WiUaw  Creek  near  DeU,  Oreg.,  for  2905— Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

23 

3.3 
3.3 
3.4 
3.4 
3.4 
3.0 
2.7 

3.85 

3.4 

3.4 

3.4 

3.6 

3.5 



3.2 
3.2 
3.2 
3.2 
3.2 
3.3 
3.3 

a2 

3.2 

2.3 
2.2 
2.3 
2.3 
2.4 
2.5 
2.6 
2.4 

2.7 

2.75 

2.7 

2.8 

2.7 

2.75 

3.0 

2.8 

2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.3 

1.7 
1.7 
1.8 
1.7 
1.7 
1.8 
1.8 
1.7 
1.7 

1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 

L85 

1.9 

2.0 

2.0  . 

2.05 

2.0 

2.05 

1.95 

2.1 
2.1 
2.1 
1.9 
1.9 
2.1 
1.9 
2.0 
2.0 

2.0 
1.9 
2.0 
2.1 
2.1 
2.1 
2.0 
2.1 

24 

25 

as 

27 

28 

29 

30 

31 

1 

Note.— No  ice  record. 

Station  rating  tahUfor  WiUow  Creek  near  DeU,  Oreg.,fnm.  January  1  to  March  IS  and  Apnl  6 

to  December  31, 1905. 


heigSt. 

Diachaige. 

Gage 
hei^t. 

Discharge. 

Gage 
hei^t. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1 

Feet. 

Second-feet. 

LTD 

a5 

2.30 

18 

2.90 

51 

3.50 

98 

L80 

1 

2.40 

22 

3.00 

58 

3.60 

107 

1.90 

3 

2.50 

27 

3.10 

65 

3.70 

116 

2.00 

6 

2.60 

33 

3.20 

73 

3.80 

126 

2.10 

10 

2.70 

39 

3.30 

81 

3.90 

136 

2.20 

14 

2.80 

45 

3.40 

89 

4.00 

146 

The  above  table  is  applicable  onlv  for  open-channel  conditions.  It  is  based  on  10  discharge  measure- 
ments made  during  1905.  It  is  well  defined  below  gage  height  5  feet.  On  account  of  a  change  in  the 
channel,  which  lasted  from  March  14  to  April  5,  a  supplementary  rating  table  is  required  during  that 
period. 

Station  rating  table  for  WiUow  Creek  near  Dell,  Greg.,  from  March  U  to  AprU  6, 1906, 


height. 

Discharge. 

hei^. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet.\ 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.60 

19 

3.10 

53 

3.50 

88 

3.90 

130 

2.70 

25 

3.20 

61 

3.60 

98 

4.00 

142 

2.80 

31 

3.30 

70 

3.70 

108 

4.10 

164 

2.90 

38 

3.40 

79 

3.80 

119 

4.20 

166 

aoo 

45 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  two  dischaige  measure- 
nenu  made  in  March  and  April,  1905.    It  is  fairly  weU  defined. 
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146  STREAM   MEASUREMENTS   IN    1905,  PART    XIV. 

EsHmaUd  monthly  discharge  of  Willow  Creek  near  DeU,  Oreg.,for  1906, 


Month. 

Discharge  in  seoond-feet. 

ToUIi£ 

Maximum. 

Minimum. 

Mean. 

acrMot 

January 

89 
131 
166 
61 
58 
42 
18 
1 
8 
12 
10 

18 

18 

45 

14 

27 

14 
.5 
.0 
.0 

3 

3 

50.6 
51.5 

sas 

29.6 

30.8 

25.4 

4.6 

.34 

1.5 

7.3 

7.0 

3,6(5 

February 

2.8K 

March » 

4,^ 

April 

l,%\ 

May 

2,«r 

June 

1,511 

July 

283 

August 

21 

September    

» 

October 

49 

November 

417 

The  period 

1 

18,49 

i                  1 

Note.— Dischaige  was  interpolated  for  missing  gage  heights. 

DITCHES  IN  ^W1LIX)W  CREEK  VALLEY  NEAR  VALE,  OREO. 

The  following  measurements  were  made  of  ditches  diverting  water  from  Willow  Creek 
below  Cole's  ranch,  28  miles  above  Vale: 

Discharge  measurements  of  ditches  in  WUlow  Creek  Valley  above  Vtde,  Oreg. 
COLE'S  DITCH  NEAR  DELL. 


Date. 

Hydrographer.                                                 i  Discharge. 

1 

1904. 
July  8 

M.  W.  Torkelson 

StoondrfeA. 
L4 

August  3 

do 

September  3. . . 

E.  N.  Smith 

L5 

1905. 
April  27 

Smith  and  Griffin 

7.0 

June  2 

E.  N.  Smith 

3.1 

July  10 

do 

.7 

September  28.. 

J.  M.  Griffin 

.5 

November  8. .. 

R.  S.  llall 

.14 

COMPANY  DITCH. 


1904. 

July  8 

August  3 

September  3... 

1905. 

April  28 

June  3 

June  23 

July  11 

September  28. . 


M.  W.  Torkelson. 

....do 

E.N.Smith 


Smith  and  Griffin. 

E.N.Smith 

....do 

.-..do 

J.M.Grlffln 


&5 
.3 
1.2 

I&4 
12.6 
&1 
.3 
4.5 
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IHmtAarge  measurements  ofdUehes  in  WUhw  Creek  Valley  above  Vale,  Oreg. — Continued. 
PATRICK  FAULKNER  DITCH. 


Date. 


Hydrographer. 


Ditchaige. 


1904. 
September  3...   £.  N.  Smith 

190S. 

April  29 Smith  and  Qriffin. 

Junel E.N.Smith 

July  11 ( do 

Aii^ast  10 do 


aecondrftet. 
0.4 

1.5 
1.4 
.78 
.09 


LARRY  FAULKNER  DITCH. 

1906. 
April  29 

RmHb  %j\^  Oriff  n 

3.3 

GRAY  DITCH. 

1906. 
August  9 

E.N.Smith 

4.1 

HARRIS  DITCH. 

1906. 
April  29 

Smith  and  Griffin 

0.5 

LOGAN  DITCH. 

1904. 
Augusts.. 

1905. 
April  28... 

June2 ' do. 

July  11 do 

September  28...  J.  M.  Griffin. 


M.  W.  TorkelBon. 


E.  N.  Smith. 


L2 

5.4 
.22 
.33 

.67 


BECKER  CREEK  LOGAN  DITCH. 


1905. 
April  28. . . 


Smith  and  Griffin. 


PETERSON  AND  TETER  DITCH. 


0.6 


NORWOOD  DITCH. 

1905. 
April  27 

Smith  and  Griffin 

2.5 

Juiie2 

E.  N.  Smith 

.37 

June  23. 

..  ..do..       .             .              

.3 

• 

1906. 
April  29... 


E.N.Smith. 
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Discharge  measurements  of  ditches  in  WiUow  Creek  Valley  above  Vale,  Oreg, — Contimied. 

SCOTT  DITCH. 


Date. 

Hydrographer. 

Diaduige. 

1W4. 
July? 

M.  W.  Torkelsono 

July? 

....do.ft 

12 

1906. 
April  28 

flmith  ftud  Griinn  « 

3.8 

June2 

E.  N.  Smith  c 

L3 

Juno  23 

....do.« 

L6 

TURNER  DITCH. 

1904. 
Augusts 

M.  W.  Torkelson 

S.2 

Septembers... 

E.  N.  Smith 

18 

1905. 
April  28 

Smith  and  G  riffin , 

14 

June  3 

E.  N.  Smith 

3.1 

July  11 

do 

.r 

June  23 

do 

12 

August  25 

do 

«  Upper  Scott  ditch. 


b  Lower  Scott  ditch. 


e  Abore  diversion. 


POWBEB  BIVEB  NEAR  BAKEB  CITY,  OREG. 

This  station  was  established  December  20,  1003,  by  John  H.  Lewis.  It  is  located  10 
miles  above  Baker  Gty,  Oreg.,  and  one-fourth  mile  below  Salisbury,  a  station  on  the  Sump- 
ter  Valley  Railway.  The  station  is  above  all  important  diversions  and  above  the  point 
where  the  river  enters  the  vaUey  which  surrounds  Baker  Gty.  Above  the  station  Uie  rirer 
drains  the  eastern  slope  of  a  spur  of  the  Blue  Mountains.  A  lai^  portion  of  the  area  has 
been  cleared  of  timber. 

The  channel  is  straight  for  about  75  feet  above  and  100  feet  below  the  station,  and  the 
current  is  swift.  Both  banks  are  low,  timbered,  and  liable  to  overflow.  Tlie  bed  of  the 
stream  is  composed  of  gravel  and  is  free  from  vegetation  and  permanent.  There  is  but 
one  channel  at  all  stages. 

Discharge  measurements  are  made  from  a  wagon  bridge  having  a  single  span  of  about  50 
feet.    The  initial  point  for  soundings  is  at  the  left  end  of  the  bridge. 

A  staff  gage  is  fastened  vertically  to  a  tree  on  the  left  bank,  about  400  feet  below  the 
house  of  R.  M.  Garrett,  who  during  1905  read  the  gage  twice  each  day.  The  bench  mark 
is  a  group  of  three  30-penny  nails  driven  into  a  large  Cottonwood  tree  which  stands  on  the 
left  bank  of  the  stream  35  feet  below  the  gage  and  6  feet  above  the  end  of  the  bridge;  ele- 
vation, 8.00  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  100,  pp  430-431;  135,  p  221.  « 

Diachaige:  100,  p  431;  136,  p  222. 
Discharge,  monthly:  135,  p  223. 
Oage  heights:  100,  p  431;  135,  p  222. 
Rating  Uble:  135,  p  223. 
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Dis^utrge  measwrtmeiUs  ofPcwder  River  near  Baker  City,  Oreg.f  in  1905. 


Date. 


)UrAn 

lUy2l 

August  1 

November  13  a. 


Hydrograi^ier. 


W.  C.  Sawyer. 

do 

do 

R.8.HA11 


Width. 


Area  of 
iectioiL 


Feet. 
40 
40 
25 
39 


Square 
feet. 

54.0 

58.0 

15.1 

26.3 


Hean 
velocity. 


Feet  per 
second. 

2.78 

2.97 

1.00 

.43 


FeeL 
2.94 
3.10 
1.91 
2.11 


Di»- 


Second- 
feet. 

151 

172 

15.3 

11.3 


a  Biyer  partly  ooyered  with  ioe. 
DaUy  gojge  hei^,  in  feet,  of  Powder  Biver  near  Baker  City,  Oreg.,for  1906. 


Day- 

Jan. 

Feb. 

Har. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

3 

4 

5 

2.15 

2.06 

1.95 

2.0 

2.0 

2.0 

2.0 

1.95 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

2.0 

2.15 

2.25 

2.35 

2.25 

2.35 

2.35 

2.4 

2.3 

2.45 

2.35 

2.35 

2.2 

2.15 

2.2 

2.16 

2.15 

2.1 

2.1 

2.25 

2.25 

2.06 

2.15 

2.2 

2.15 

2.06 

2.0 

2.15 

2.15 

2.25 

2.26 

2.26 

2.3 

2.35 

2.25 

2.25 

2.25 

2.3 

2.4 

2.35 

2.25 

2.35 

2.55 

2.4 

2.7 

2.6 

2.7 

3.0 

2.95 

3.05 

3.06 

2.95 

2.95 

3.05 

3.0 

3.3 

3.35 

3.26 

3.45 

3.45 

3.45 

3.35 

3.25 

3.15 

3.15 

3.15 

3.1 

3.15 

3.05 

2.95 

2.9 

2.9 

2.85 

2.85 

2.66 

2.85 
2.86 
2.95 
3.06 
2.95 
2.95 
3.15 
3.35 
3.35 
3.25 
3.15 
3.2 
3.05 
3.05 
3.15 
3.05 
3.15 
3.06 
3.15 
3.1 
3.1 
3.1 
3.1 
3.2 
3.25 
3.4 
3.45 
3.45 
3.35 
3.45 


3.35 

3.4 

3.4 

3.25 

3.15 

3.06 

3.25 

3.25 

3.15 

3.05 

3.05 

3.05 

3.05 

3.0 

2.95 

3.06 

3.25 

3.35 

3.26 

3.26 

3.25 

3.25 

3.10 

3.15 

3.05 

3.05 

3.1 

3.15 

3.0 

3.15 

3.35 

3.55 

3.45 

3.45 

3.45 

3.45 

3.3 

3.2 

3.25 

3.25 

3.15 

3.1 

3.05 

3.0 

3.05 

3.06 

2.95 

2.85 

2.86 

2.75 

2.85 

2.75 

2.6 

2.65 

2.65 

2.65 

2.6 

2.55 

2.55 

2.6 

2.45 

2.45 

2.55 

2.45 

2.35 

2.25 

2.15 

1.95 

1.9 

1.75 

1.95 

2.15 

2.0 

2.05 

2.05 

2.06 

2.05 

2.0 

2.06 

1.86 

1.86 

1.95 

1.95 

2.05 

2.0 

1.85 

1.9 

1.9 

1.85 

1.85 

1.9 

2.05 

2.06 

2.0 

1.9 

1.85 

1.8 

1.8 

1.8 

1.85 

1.75 

1.85 

1.85 

1.86 

1.8 

1.86 

1.85 

1.8 

1.85 

1.75 

1.75 

1.7 

1.65 

1.65 

1.6 

1.65 

1.7 

1.65 

1.6 

1.65 

1.65 

1.66 

1.6 

1.65 

1.65 

1.6 

1.7 

1.6 

1.55 

1.55 

1.6 

1.6 

1.6 

1.65 

1.55 

1.55 

1.65 

1.56 

1.65 

1.6 

1.55 

1.55 

1.6 

1.6 

1.75 

1.7 

1.65 

1.65 

1.75 

1.65 

1.76 

1.75 

1.95 



i:95 

1.95 

1.85 

2.06 

1.95 

1.95 

2.0 

2.05 

2.0 

2.05 

2.05 

2.05 

2.05 

1.85 

2.0 

1.95 

2.0 

1.95 

1.95 

1.95 

2.1 

2.1 

2.05 

2.06 

2.0 

2.06 

2.0 

2.1 

2.1 

2.05 

2.05 

2.05 

2.1 

2.06 

2.06 

2.06 

2.0 

2.1 

2.05 

2.05 

2.05 

2.05 

2.0 

2.1 

2.1 

2.0 

2.0 

2.05 

2.1 

2.1 

2.05 

2.0 

2.0 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.1 

2.1 

2.1 

2.06 

2.0 

2.06 

2.1 

6 

2.1 

7 

2.1 

8 

2.06 

9 

2.06 

10 

2.0 

U 

2.1 

12 

2.1 

13 

2.1 

14 

2.1 

15 

2.1  . 

16 

2.1 

17 

2.05 

18 

2.06 

19 

2.06 

ao 

2  1 

a 

2.1 

22 

2.1 

23 

2.1 

24..... 

2.1 

S 

2.0 

26 

2.0 

27.... 

2.0 

28 

?0 

a 

2.06 

30 

2.1 

31.... 

2.1 

NoTiw— Ice  conditions  during  January,  February,  November,  and  December.    Oage  heights  are  to 
water  surlace.    They  are  only  approximate  owing  to  changing  ioe  conditions. 
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Station  rating  table  for  Powder  River  near  Baker  City,  Oreg.,frcm  Jamuary  J,  190^,  to  Decewhtr 

31, 1906, 


Ga 
heig 


Feet. 
1.30 
1.40 
1.50 

i.eo 

1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 


DiBcharge. 


Second^eet. 

2 

2.5 

3 

4 

7 
11 
16 


48 
60 
72 
86 
102 


Gage 
he^t. 

Discfaaige. 

Feet. 
4.30 

Discharge.  [  ^^ 

FeH. 
2.80 

Stcondrfeet. 

120    1 

Serond-feet.       i 

571     |l 

2.90 

140 

4.40 

606  ;; 

3.00 

161 

4.50 

639 

3.10 

184 

4.60 

673    '! 

3.20 

•209 

4.70 

707     1 

3.30 

237 

4.80 

741 

1       3.40 

267 

4.90 

775    '' 

I        3.50 

299 

5.00 

810    ,1 

1        3.60 

333 

5.10 

^    ,1 

1        3.70 

367    ' 

5.20 

878    |i 

1        3.80 

401 

6.30 

912    1' 

3.90 

435  ; 

6.40 

m  ]1 

4.00 

469    I 

5.50 

»80     ] 

4.10 
1        4.20 

1 

503 
637 

5.60 

1,014     1 

,S^t.  IDta*-^ 


Feet. 

\Second-feet. 

5.70 

1         1,048 

6.80 

1         U0R2 

6.90 

'          1,11« 

6.00 

'         1,150 

6.20 

1,218 

6.40 

'          1,286 

6.60 

,          1,354 

6.80 

1,422 

7.00 

1          1,490 

7.20 

1,658 

7.40 

1          1,«26 

7.60 

>          1,094 

7.80 

i          1,762 

aoo 

'          1,S30 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  11  discharge 
urements  made  during  1903-1905.    It  is  fairly  well  defined  above  gage  height  1.7  feet. 

Estimated  monthly  disch<irge  of  Powder  River  near  Baker  City,  Oreg.^for  1905, 


Month. 


Dlflchaige  in  seoond-feet. 


Maximum.   Minimum.      Mean. 


Totalis 
acie-fret. 


March 

April 

May 

June 

July 

August 

September. 
October 


283 
283 
267 
316 
79 
26 
19 
30 


86 
130 
150 
66 
9 
4 

3.5 
13 


179 

201 

202 

164      I 
27.0  I 
10.0  I 
6.4 
23.1 


The  period. 


11,010 
11.960 
12,430 
9,7» 
1,660 
6iS 
321 
1.430 

49.160 


Note.-  Reliable  estimates  could  not  be  prepared  during  January,  February,  November,  and  Decem- 
ber on  account  of  ice  conditions. 


GRANDE  RONI>E  RIV^R  AT  IIILGARD,  OREG. 

This  station  was  established  November  6,  1903,  by  John  H.  Lewis.  It  is  located  at  the 
county  highway  bridge  one-half  mile  below  the  Oregon  Railroad  and  Navigation  Company 
station  at  Hilgard,  Oreg.  It  is  just  below  the  mouth  of  Five  Points  Creek,  which  is  the 
first  important  tributary  above  Grande  Ronde  Valley.  There  are  two  dams  about  20 
miles  upstream,  used  to  flood  the  river  during  the  log-driving  season.  The  drainage  area 
above  this  station  lies  almost  wholly  in  the  northern  and  eastern  slopes  of  the  Blue  Moun- 
tains, the  greater  portion  being  well  timbered. 

The  channel  is  straight  for  100  feet  above  and  200  feet  below  the  station.  At  ordinary 
stages  all  the  water  passes  imder  the  right  span,  which  has  a  length  of  70  feet  from  the 
right  abutment  to  the  middle  pier.  At  high  stages  the  water  also  passes  imder  the  shorter 
span,  which  has  a  length  of  82  feet  from  the  left  abutment  to  the  middle  pier.  The  right 
bank  is  low,  but  is  not  liable  to  overflow.    The  left  bank  is  low  and  will  overflow  only  at 
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a  few  points  above  the  bridge.  The  bed  of  the  stream  is  composed  of  sand  and  clay  and 
is  free  from  vegetation  and  bowlders.  It  is  permanent  under  the  main  span,  but  is  liable 
to  shift  in  the  high-water  channel  under  the  shorter  span. 

Dischai^  measurements  are  made  from  the  downstream  side  of  the  two-span  bridge, 
which  is  supported  by  two  timber-crib  abutments  and  by  one  middle  crib  pier.  The  initial 
point  for  soundings  is  at  a  point  where  the  end  post  meets  the  lower  chord  of  the  bridge 
on  the  right  bank.     It  is  directly  over  the  vertical  outer  edge  of  the  abutment. 

The  gage  is  a  staff  driven  vertically  into  the  ground  at  the  downstream  end  of  the  middle 
bridge  pier  and  bolted  at  the  upper  end  to  the  log  pier.  During  1905  the  gage  was  read 
once  daily  at  ordinary  stages  and  twice  daily  during  floods  by  Jay  Hawes.  Bench  marks 
were  established  as  follows:  (1)  The  head  of  a  bolt  through  the  lower  chord  of  the  bridge, 
7.5  feet  from  the  timber  to  which  the  gage  is  attached;  elevation,  13.80  feet.  (2)  A  square 
chisel  draft  and  the  letters  "U.  S.  B.  M."  cut  in  the  top  of  a  rock  200  feet  from  the  right 
bank,  150  feet  upstream  from  the  bridge;  elevation,  12.81  feet.  Elevations  refer  to  the 
datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  100,  p  420;  135,  p  224. 
DiAcharge:  100,  p  430;  135,  p  225. 
Discharge,  monthly:  135,  p  226. 
Qage  heights:  100,  p  421;  135,  p  225. 
Rating  table:  135,  p  226. 

Discharge  measurements  ofOrande  Ronde  River  at  HUgard,  Oreg.^  in  1905. 


Date. 


Hydrographer. 


March  4 W.C.Sawyer.. 

May  16 do 

Aaga8t2a do 

November  14. . .    R.  S.  Hall 


Width.! 

I 


I  Area  of 


section. 


Feet. 
09 
70 
28 
67 


Square- 
feet. 

260 

293 

35 

188 


Mean 
velocity. 


Feet  per 
second. 

1.91 

2.17 

1.27 

.26 


(iago 
height. 

Dis- 
charge. 

Feet. 

Second- 
ftet. 

a95 

498 

4.10 

636 

2.86 

44.1 

2.86 

48.9 



o  Made  at  different  section. 
DaHy  gage  heightf  in  feet,  ofOrande  Ronde  River  at  HUgard,  Oreg.,for  1905. 


Day. 

1  Jan. 

1 
1 1     .TO 

2 

1     3.0 

3 

aos 

4 

2.95 

5 

2.9 

6 

2. 9 

2.9 

8 

3.0 

9 

.   .    ^    3.0 

10 

2.95  1 

11 

2  92 

12 

2.85 

13 

.    ao 

14 

ao6 

15 

ao 

16 

ao 

17 

.  ...    ao 

18 

ao 

•  River  flooded  to  run 


Feb. 

Mar. 

Apr. 

May. 

4.3 

June. 

July. 

Aug. 
2.85 

Sept. 

Oct. 

Nov. 

Dec. 

ai 

a  8 

a95 

a8 

2.2 

2.65 

2.7 

2.85  1     2.8 

ai 

4.0 

a92 

4.1 

a9 

2.3 

2.85 

2.6 

«a7 

2.8 

2.85 

ao 

4.0 

4.0 

4.3 

a9 

ao 

2.85 

2.6 

2.85 

2.8 

2.8 

ao 

4.0 

4.0 

5.0 

a9 

ai 

2.85 

2. 62       2. 7 

2.8 

2.8 

ao 

a95 

4.1 

5.2 

a85 

a2 

2.85 

2.8    1    2.7 

«a8 

2.76 

ao 

a92 

4.1     1    5.3 

a  75 

ai 

2.85 

2.7    1    2.7 

2.8 

2.75 

ao5 

a9 

4.15 

a  6. 8 

a7 

ai 

2.85 

2.7 

2.7 

2.75 

2.8 

ao2 

a85 

4.05 

5.8 

a72 

ai 

2.85 

2.7 

2.7 

2.8 

2.8 

ao 

a85 

4.0 

5.2 

a  75 

ao 

2.85 

2.7 

2.75 

2.85 

2.8 

2.9 

a9 

a95 

5.5 

a7 

2.75 

2.85 

2.65       2.75 

2.85 

2.8 

2.8 

ae 

4.0 

«6.2 

a7 

2.75 

2.85 

2. 65       2. 75 

2.85 

2.85 

ai 

a6 

4.1 

5.8 

a65 

2.75 

2.85 

2. 7     «  a  3 

2.75 

2.85 

ai 

a65 

4.1     1    5.6 

a65 

2.85 

2.85 

2. 68       2. 75 

2.7 

2.85 

ai 

a8 

a9         5.4 

a68 

2.95 

2.85 

2. 7         2. 75 

2.7 

2.8 

a2 

a85 

a  85       5.2 

a4 

2.9 

2.85 

2.7         2.75 

2. 8         2. 8 

a3 

a  67 

a  85  '    4. 1 

ai 

2.9 

2.85 

2.  72       2. 8 

2.8         2.85 

as 

a65 

a  82       4.3 

ao 

2.95 

2.85 

2.6    j    2.85 

2.8    1     2.8 

as 

a6 

a9     ,     4.1 

ao 

2.98 

2.85 

2.6    !    2.85 

oao    !  .  2.8 

logs. 

Wate 

r  stored  durinj 

5precec 

ling  nig 

ht.     N< 

3  change  in  noi 

rraai  flow. 

Uig 

tized  by 

vjO( 

DQle 

152 


STREAM    MEASUREMENTS    IN   1906,   PART    XIV. 


Daily  gage  J^ght,  in  feet,  of  Grande  Ronde  River  at  HUgard,  Oreg.^for  1906 — CoDtiDuei 


Day. 


19.. 
20. 
21.. 
22.. 
23.. 
24.. 
25. 
26.. 
27. 
28.. 
29.. 
30.. 
31.. 


Jan. 

Feb. 

ao 

a2 

ao 

a2 

3.0 

a35 

3.0 

a45 

ai 

a6 

a3 

a45 

3.Z 

a? 

Z.25 

ao 

ass 

ass 

as 

as 

a4 

a2 

ai 

Mar.  '  Apr. 


a«2 

a? 

a97 

a97 
aas 
as 
a  75 

4.1 
4.1 
4.0 
4.0 

ao 
ao 


ass 
ass 

4.0 
4.25 
4.0 
4.0 
4.1 
a4.66 
4.25 
4.3 
4.55 
4.S 


May. 

4.1 
4.1 
4.1 
4.0 
4.0 
4.0 

ao 
ass 
as 
as 
as 
as 
a  76 


June. 

July. 

Aug. 

Sept. 

a05 

2.M 

2.85 

2.05 

aos 

2.0 

2.8 

2.65 

2.7 

2.85 

2.85 

2.7 

2.6 

2.85 

2.85 

2.7 

2.3 

2.8 

2.8 

2.65 

2.3 

2.8 

2.8 

2.7 

2.2 

2.8 

2.85 

X7 

2.2 

2.8 

2.8 

2.7 

as 

2.8 

2.8 

2.72 

a25 

2.85 

2.8 

2.7 

2.35 

2.85 

2.75 

2.7 

2.2 

2.85 

2.7 

2.68 

2.85 

2.7 

Nov.     Dec 


2.85 
2.8 
2.8 
2.85 
X8 
2.85 
2.85 
2.85 
aai 
2.85 
2.8 
2.73 
2.75 


2.85 

2.S 

2.8 

2.75 

2.75 

2.8 

2.8 

2.8 

285 

ass 

285 
285' 


I 


2S 

2H 
2# 

u 

1> 

26 
2» 
11 

ai 

11 
11 
11 


a  River  flooded  to  run  logs.    Water  stored  during  preceding  night.    No  change  in  normal  flow. 
NoTB.— Ice  conditions  during  pan  of  January,  February,  and  December. 
Station  rating  (able  for  Orande  Ronde  River  at  Hilgard,  Oreg.y  from  January  1  to  Decemker 

SI,  1906. 


Gage 
height. 

Discharge. 

Ga«e 
height. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

DiKhaxge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet, 

2.20 

3 

a  40 

228 

4.60 

1,070 

6.80 

2,466 

2.30 

6 

aso 

272 

4.70 

1,170 

6.90 

2,SIQ 

2.40 

8 

aeo 

320 

4.80 

1,276 

6.00 

2,717 

2.50 

12 

a  70 

370 

4.90 

1,384 

6.20 

2,969 

2.60 

18 

aso 

426 

5.00 

1,496 

6.40 

3,221 

2.70 

26 

a  90 

486 

6.10 

1,606 

0.60 

3,47J 

2.80 

38 

4.00 

550 

6.20 

1,725 

6.80 

3,725 

2.90 

58 

4.10 

620 

6.30 

1,846 

7.00 

3,977 

a  00 

84 

4.20 

700 

6.40 

1,968 

7.20 

4,229 

a  10 

114 

4.30 

785 

6.50 

2,092 

7.40 

4,481 

a  20 

148 

4.40 

876 

5.60 

2,216 

7.60 

4,733 

aso 

186 

4.50 

1 

970 

5.70 

2,341 

7.80 

4,985 

The  above  table  is  applicable  onlv  for  open-channel  conditions.  It  is  based  on  nine  dischaise  mea«- 
unsments  made  during  1904-5.  It  is  well  aefined  between  gage  heights  2.8  feet  and  6.6  feet.  Below  gagr 
height  2.8  feet  the  table  is  very  uncertain.  The  table  has  been  extended  beyond  these  limits.  Abovr 
gage  heights  4.7  feet  the  table  is  the  same  as  in  1904. 

Estimated  monthly  discharge  of  Orande  Ronde  River  at  HUgard,  Oreg,,far  1906. 


Month. 


January... 
February.. 

March 

April 

May 

June 

July 

August 

September. 
October.... 
November. 
December. . 


Dischaige  in  second-feet. 


Total  iD 


The  year . 


Maximum. 

Minimum. 

Mean. 

acre-feet. 

272 

48 

106 

6,611 

485 

38 

180 

9,997 

620 

320 

461 

28.330 

1,020 

440 

697 

35.520 

2,466 

398 

1,127 

69.  at* 

485 

3 

227 

11510 

148 

3 

6a6 

1738 

48 

20 

44.1 

2,712 

38 

18 

24.3 

1.44S 

48 

26 

37.1 

2,281 

48 

20 

39.6 

2,SM 

114 

32 

64.6 

3,357 

3,725 

3 

247 

179,  »0 

'.—Extremely  low  gage  heights  probably  due  to  storage  above, i^gfj  ^y  CjOOQIc 
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GRANDE  RONDE  RIVER  AT  ELGIN,  OREG. 

This  station  was  established  November  20,  1903,  by  John  H.  Lewis.  It  is  located  at  the 
county  bridge  on  the  road  from  Elgin  to  Wallowa,  Oreg.,  and  is  one-fourth  mile  east  of  the 
mihxMul  station.  It  is  at  the  lower  end  of  the  Grande  Ronde  Valley,  a  broad,  flat,  fertile  valley 
in  which  much  of  the  water  is  used  for  the  irrigation  of  fruit,  sugar  beets,  and  other  crops. 
The  valley  contains  over  200  square  miles,  its  width  being  about  12  miles  and  its  length 
more  than  20.  Its  upper  end  is  about  6  miles  below  the  Hilgard  station.  Some  water  is 
received  from  a  number  of  small  streams  rising  in  the  hills  which  surround  the  valley. 

The  channel  is  curved  above  a  point  30  feet  above  the  bridge,  and  is  straight  for  200  feet 
below.  The  right  bank  is  high,  rocky,  free  from  vegetation,  and  will  not  overflow.  The  left 
bank  is  low,  free  from  vegetation,  and  will  overflow  only  under  the  trestle  approach.  The 
bed  of  the  stream  is  uneven,  covered  with  large  bowlders,  and  is  free  from  vegetation.  It 
is  not  liable  to  shift.  The  channel  is  broken  by  the  piers  and  the  trestle  bent  at  high 
water. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  bridge,  which  has  a 
span  between  piers  of  100  feet,  with  130  feet  of  trestle  approach  from  the  left  bank  and  30 
feet  of  approach  from  the  right  bank.  The  initial  ]x>int  for  soundings  is  on  the  right  bank 
directly  over  the  center  of  the  bent,  30  feet  from  the  caisson. 

A  standard  chain  gage  is  attached  to  the  upstream  side  of  the  bridge,  near  the  center  of 
the  stream;  length  of  chain,  22.00  feet.  During.  1905  the  gage  was  read  once  each  day  by 
John  Graham.  The  bench  mark  is  the  top  surface  of  the  steel  caisson  directly  over  the 
gage;  elevation,  15.14  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  United  States  Geological  Survey: 

Description:  100.  p  419;  135,  pp  22ft-227. 
Discharge:  100,  p  419;  135,  p  227. 
Discharge,  monthly:  135,  p  229. 
Gage  heights:  100.  p  419;  135.  pp  227-228. 
Rating  table:  135.  p  228. 

Discharge  measurements  cfOrande  Ronde  River  at  Elgin,  Oreg.,  in  1905. 


Date. 


.\pril  1 

May  22. 

September  21 . 
November  30. . 


Hydrographer. 


W.  C.  Sawyer. 

do 

....do 

R.S.Hall 


Width. 

Area  of 
section. 

Mean 
velocity. 

Oaee 
height. 

Dis- 
charge. 

Feet. 

Square- 
feet. 

Feet  per 
second. 

Feet. 

Second- 
feet. 

86 

336 

2.60 

a25 

872 

92 

356 

2.81 

a48 

1,000 

32 

27 

1.37 

1.48 

37.5 

88 

221 

.36 

1.74 

80 

IRR  178—06 11 
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DaUy  gage  height,  in  feet,  of  Grande  Ronde  River  at  Elgin,  Oreg.yfor  1906. 


Day. 

Jan. 

1 

2.6 

2 

2.45 

3 

4 

2.45 
2.25 
2.25 
97 

S 

6 

7      

2.1 

8 

2.1 

9 

1.95 

2.0 

2.1 

2.1 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.1 

2.2 

2.05 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23.. 

2.45 
2.45 
2.45 
2.65 
2.55 
2.65 
2.65 
2.45 
2.3 

24 

25 

26 

27 

28 

29 

30 

31 

Feb. 


2.25 
2.4 
2.1 
2.05 
2.05 
2.05 
2.0 
1.9 
1.95 
1.95 
aa05 
aS.2 
a  2.7 
a  2. 3 
1.95 
1.95 
2.05 
1.9 
1.9 
1.95 
2.1 
2.2 
2.3 
2.4 
2.6 
2.8 

ao 
ao 


Mar.     Apr. 


ao 

2.95 

ao5 

ai 

ai 

ao5 

ao5 

2.95 
2.95  I 
2.8  ! 
2.8  ' 
2.8  ! 
2.75  ' 
2.85 

ao 
ai 
ao 

2.85 

ao 

ao 

a  15 

a2 

a25 

a2 

a  15 

a2 

a3 


a35 
a3 
a2 


a25 

a2 

ass 

a3 

a3 

as 

as 

a6 

a6 

ao 

a45 

a4 

a3 

a2 

ai 

a  15 

a  15 

ai 

ai 

a  15  1 

a4  I 

a4  I 

I 

a45  ! 

a6  I 
a65  j 
a7 
a6 
a6  I 
as  I 


May. 

June. 

as 

a2 

as 

a25 

ass 

a25 

a  75 

a25 

4.0 

as 

4.05 

as 

4.05 

as 

4.16 

a2 

4.15 

ai 

4.16 

ai 

4.1 

ao5 

4.0 

ao5 

ao 

ao5 

a9 

ao5 

as 

ao 

a75 

2.95 

a7 

2.8 

a  75 

2.7 

a  75 

2.65 

aos 

2.6 

ass 

2.55 

as 

2.45 

a4 

2.45 

a4 

2.5 

a4 

2.3 

a3 

2.45 

a2 

2.45 

a25 

2.45 

a2 

2.45 

a2 

2.4 

a2 

1 

I 


July.     Aug.     Sept.  I  Oct.  .  Nov.    Dbc 


2.3 
2.3 
2.2 
2.15 


2.1 

2.05 

1.9 

1.8 

1.75 

1.7 

1.7 

1.65 

1.65 

1.65 

1.65 

1.6 

1.6 

1.55 

1.65 

1.6 

1.65 

1.5 

1.5 

1.6 

1.6 

1.45 

1.45 

1.4 

1.4 

1.4 


1.4 

1.4 

l.SS 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

l.SS 

1.35 

1.4 

1.4 

1.4 

1.4 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.3 

1.35 

1.35 


1.35  ' 


r 


36  i 

35| 
35| 
35  ' 
35| 

35  I 

36  I 

361 


1.7 
1.65, 
1.65 
1.65  I 
1.65 

1.7  I 
1.65  , 
1.65 
1.65  I 
1.65 
1.65' 
1.7 

1.75 : 

1.8  I 
1.8 
1.7 
1.7 
1.7 
1.7  I 
1.7 

1. 75 
1.75  I 
1.75  i 


L75 

1.75 

1.75 

2.0 

2.0 

2.0 

1.75 

1.75 


L7 

L7 

1.7 

L7 

1.7 

1.75 

1.85 

1.85 

l.fi5 

1.55 

1.65 

1.55 

1.65 

1.65 

1.65 

1.7 

1.7 

1.7 

1.7 

1.75 

L7 

1.6 

1.65 

1.85 

1.65 

1.65 

1.65 

1.6 

1.95 

1.75 


it: 

i: 

In 

i.i 

1.5 

1^ 

Z15 

lis 

1-95 

L» 

IS 

I.8S 

L« 

L8e 

L» 

10 

I.S 

L9 

IS 

l.K 

LS 

«2.0 

«1.« 

«L9 

«L9 


a  Rise  caused  by  ice  gorges;  no  increased  flow. 

Station  rating  table  for  Grande  Ronde  River  at  Elgin,  Oreg.,from  January  1  to  December  SI, 

1906. 


Gago 
height. 

Discharge. 

Gage 
height. 

1 
Discharge.  > 

Gage 
height. 

Discharge. 

1  hei^t. 

1 

;      Feet. 
a70 

a«o 

Discbarge. 

Fee,. 

Second-feet. 

Feet. 

Second-feet.^ 

Feet. 

Second-feet. 

Second-feet. 

1.30 

15    ,1 

2.10 

205    ! 

2.90 

590 

1,310 

1.40 

27    ,, 

2.20 

240    1 

a  00 

665 

1,430 

1.50 

42    , 

2.30 

280    ' 

a  10 

725 

a  90 

1,560 

l.GO 

tiO     1 

2.40 

325    ' 

a  20 

805 

4.00 

1,700 

1.70 

82     , 

2.50 

370    ' 

a  30 

890 

4.10 

1,840 

1.80 

108 

2.60 

420 

a  40 

980 

4.20 

1,990 

1.90 

13S 

2.70 

475 

a  50 

1,080 

2.00 

170 

2.80 

530    , 

a  60 

1,190 

Tho  above  table  i.s  applicable  only  for  open-channel  conditions.    It  is  based  on  11  discharge 
ments  made  during  HK)4-0,    It  is  well  denned  between  gage  heights  1.6  feet  and  3.6  leet. 
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EgHmaUd  monthly  discharge  of  Grande  Ronde  River  at  ElgiUf  Oreg.,for  1906. 


Month. 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean. 


Total  in 
acre-teet. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

NoTember 

December 

The  year 


448 

6S5 

935 

1,310 

1,930 

800 

280 

27 

82 

170 

123 

222 


1,930 


154 
138 
502 
726 
805 
280 
27 
15 
21 
71 
51 


15 


260 

244 

703 

983 
1,308 

588 
98.7 
22.0 
35.1 
92.8 
74.6 

127 


370 


16,540 

13,550 

43,230 

58,490 

80,430 

34,990 

6,060 

1,353 

2,089 

5,706 

4,430 

7,809 


274,700 


NoTB.— Discharge  interpolated  lor  missing  gage  heights. 


GRANDE  RONDE  RIVER  AT  ZINDEL,  WASH. 

This  station  was  established  June  30,  1904,  by  W.  G.  Steward.  It  is  located  at  Zindel 
Ferry,  2  niiles  above  the  mouth  of  the  river  and  IJ  miles  below  Joseph  Creek. 

The  channel  is  curved  above  the  station,  but  is  straight  for  1,200  feet  below.  There  are 
rapids  600  feet  above  and  also  1,200  feet  below  the  station.  The  right  bank  is  rocky  and 
slopes  gradually.  It  is  liable  to  overflow  at  extreme  high  water.  The  left  bank  is  high, 
rocky,  and  not  liable  to  overflow.  The  bed  is  rocky  and  permanent.  It  is  fairly  even  for 
soundings.    There  is  one  channel  at  all  stages. 

Dischai^  measurements  are  made  from  the  ferryboat.  The  distances  are  measured  on 
the  stay  line  used  for  the  ferry.  The  initial  point  is  an  8-penny  nail  in  a  pine  tree  30  feet 
south  of  the  cable  post  on  the  right  bank. 

An  inclined  gage  is  located  on  the  left  bank  just  below  the  ferry.  During  1905  the  gage 
was  read  once  each  day  by  M.  W.  Zindel,  who  is  paid  by  the  Lewiston  Water  and  Power 
Company.  The  bench  mark  is  a  point  on  a  rock  29  feet  downstream  from  the  gage;  ele- 
vation, 9.00  feet  above  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  heights  and  discharge  data,  is  contained  in 
Water-Supply  Paper  No.  135,  United  States  Geological  Survey,  pages  229-230. 

DaUy  gage  heighif  infeely  ofOrajuIe  RoTuIe  River  at  Zindel,  Wash.jfor  1906. 


Day. 

Jan. 

Feb. 

2.7 

2.S5 

2.6 

2.4 

2.5 

2.5 

2.5 

2.45 

2.4 

2.3 

2.3 

2.25 

2.2 

Mar. 

I 

2.65 

2.5 

2.5 

2.5 

2.5 

2.55 

2.3 

2.3 

2.25 

2.25 

2.2 

2.2 

2.2 

3.4 
3.5 
3.6 
3.75 

2 

3 

4 

5 

3.75 

6 

3.6 
3.6 
3.6 
3.6 
3.5 
3.4 
3.3 

7 

8 

9 

10 

11 

12 

13 

3.4 

Apr. 


4.0 
3.9 
3.9 
3.9 
4.0 
4.0 
4.1 
4.2 
4.2 
4.2 
4.0 
3.9 
3.8 


May. 


4.0 
4.0 
4.1 
4.1 
4.1 
4.4 
4.4 
4.4 
4.5 
4.6 
4.8 
4.8 
17 


June. 


4.8 
5.0 
4.9 
5.1 
5.0 
4.8 
4.7 
4.6 
5.1 
4.5 
4.8 
4.8 
4.0 


July.     Aug.     Sept.  j  Oct.     Nov. 


3.3 

3.3  j 

3.a  ! 

3.3 

3.3 

3.3 

3.2 

3.1 

3.0 

3.0 

3.0 

2.9 

2.7 


2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 


2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.95 

1.95 

2.0 

Digitized  by 


2.3 

2.3 

2.3 

2.25 

2.2 

2.25 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 


2.4 

2.35 

2.3 

2.3 

2.3 

2.25 

2.25 

2.25 

2.2 

2.2 

2.2 

2.2 


Dec. 


Goog 


2,3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.1 
2.1 
2.0 
2.0 
2.25 
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STREAM   MEASTTREMENTfl    IN   1905,   PART   XIV. 


DaUy  gage  height,  in  feet,  ofOrande  Ronde  River  at  Zindd,  Wa4th.,  for  19(75— OoDtinoed. 


Day 

Jan. 

Feb. 

14 

1    2.25 

2,2 

15 

1    2.25 

2.2 

16 

'    2.25 

2.2 

17 

I    2.3 

2.25 

18 

1    2.3 

2.3 

19 

1    2.4 

2.3 

20 

2.4 

2.4 

21 

2.4 

2.95 

22 

2.4 

2.9 

23 

2,4 

2.9 

24 

2.8 

3.1 

25 

3.2 

3.2 

26 

3.1 

3.35 

27 

3. 2 

3.5 

28 

3.1 

3.4 

29 

3.1 

30 

'    3.0 

31 

'    2.8 



Mar. 

3.4 
3.4 
3.5 
3.7 
3.8 
3.7 
3.8 
3.8 
3.8 
3.9 
3.9 
4.1 
4.1 
4.3 
4.2 
4.2 
4.3 
4.3 


Apr.  '  May. 


1  I 


3.7 

3.7 

3. 

3. 

3.8 

3.9 

4.1 

4.1 

4.1 

4.2 

4.3 

4.3 

4.5 

4.6 

4.6 

4.2 

4.1 


4.5 

4.3 

4.2 

4.55 

4.5 

4.4 

4.4 

4.4 

4.2 

4.2 

4.1 

4.0 

3.9 

4.0 

4.1 

4.2 

4.3 

4.4 


June. 

July. 

Aug. 

4.0 

2.7 

2.0 

3.9 

2.6 

2.0 

3.9 

2.5 

2.0 

3.8 

2.5 

2.0 

3.8 

2.6 

2.0 

3.8 

2.5  1 

3.8 

2.5  . 

3.7 

2,3 

3.7 

2.3 

3.7 

2.3 

3.9 

2.3 

3.8 

2.3 

3.8 

2.2 

3.6 

2.2 

3.6 

2.2 

3.4 

2.2 

3.4 

2.2 

2.2 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 


2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0" 
2.0 
2.0 
2.0 
2.0 
2.0 
2.1 
2.1 
2.3 
2.3 


Not.  1  Dtc. 


Z35 

2.35 

2.35 

2.35 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.4 

2.5 

2.4 

2.4 

2.4 

2.4 


2.2 

2.2 

2.2 

2.25 

2.25 

2.25 

2.25 

2.2 

2.2 

2.2 

2.2 

2.25 

2.3 

2.6 

2.6 


2LJ 

2.1 

2.3 

13 

13 

li 

23 

2.25 

2.1 

11 

2» 

2.3 

2.3 

13 


2,4  I  225 
2.3  225 
225 


WALLOWA  LAKE  NEAR  JOSEPH,   OREG. 

July  15,  1905,  a  gage  was  placed  on  the  upstream  side  of  the  controlling  dam  at  the 
outlet  of  Wallowa  Lake  and  was  read  twice  each  week  during  the  remainder  of  the  year. 
It  is  fastened  to  the  crib  pier  nearest  the  right  bank.     Its  datum  is  the  floor  of  the  sluicew»j 

Daily  gage  height,  in  feet,  of  Wallowa  Lake  near  Joseph,  Oreg.,for  1905. 


Day. 

July. 
1 

Aug. 

1 

1 

Sept. 

Oct. 

Nov. 



0.65 

t 

i  16. 

0.6   1  18. 
I|  19. 

...1  21. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

1 
Nov. 

1 

D«. 

0.6 

1.0 

0.75 

'1 

'    2.. 

I 

0.85 

0.7 

'" 

1 

0.8 

.65 

12 

1.0 

.65 

1 

.7 

.8 

.8 

.65 

.6,22. 
1   23. 

3.7 

.6 

.6 

1 

.9 

■' 

.75 

.6   '  25. 
'1  26. 

.7 

.6 



1.3 

3.6 



•1 

.« 

ii27. 

1|28. 

.75 

.65 

1 

.6 

1 

1. 1 



t 

.8 



.6  '1  29. 
30. 



3.1 

i 

.6 

.      4.5 

.9 

.S5 

I 

4. 

5. 

6. 

7. 

9. 
10. 
11. 
12. 
13. 
15. 


AVALLOWA  RrV^ER  NEAR  JOSEPH,  OREG. 

This  station  was  established  November  12,  1903,  by  John  H.  Lewis.  It  is  located  500 
feet  below  the  outlet  of  Wallowa  Lake,  about  IJ  miles  above  Joseph,  Oreg. 

The  channel  is  straight  for  100  feet  above  and  75  feet  Ix'low  the  station.  The  right  bank 
is  liable  to  overflow  at  high  water  for  about  30  feet,  at  which  point  it  becomes  steep.  Tbe 
left  bank  will  overflow  for  about  20  feet  at  high  water.  Both  banks  are  timbered.  At  the 
bridge  the  l)ed  of  the  stream  is  composed  of  large  bowlders,  is  free  from  vegetation,  and  is 
not  liable  to  shift.     There  is  but  one  channel  at  all  stages. 
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Discharge  measurements  are  made  from  a  footbridge,  which  has  a  single  span  of  50  feet. 
The  initial  point  for  soundings  is  the  end  of  the  upstream  log  supporting  the  footbridge  on 
the  left  bank. 

The  original  gage  was  a  vertical  staflf  located  on  Wallowa  Lake  near  the  outlet.  On 
account  of  the  construction  of  a  controlling  dam  at  the  outlet,  this  gage  was  rendered  use- 
less. From  March  30  to  July  12,  1905,  readings  were  taken  on  a  temporary  gage  about  100 
feet  below  the  dam.  July  12,  1905,  a  permanent  vertical  rod  gage  was  established  on  the 
right  bank  of  the  river,  about  50  feet  above  the  footbridge.  The  readings  on  the  tempo- 
rary gage  have  been  reduced  to  correspond  with  those  on  the  permanent  one.  During 
1905  the  gage  was  read  once  each  day  by  F.  L.  Bedingfield.  The  new  gage  is  referred  to 
the  following  bench  mark :  A  cross  cut  in  the  highest  point  of  the  rock  to  which  the  gage  is 
attached;  elevation,  4.10  feet  above  the  datum  of  the  gage. 

Four  irrigation  ditches  divert  a  considerable  portion  of  the  water  between  the  station 
and  the  town  of  Joseph,  and  gages  have  been  rejid  on  them  twice  weekly  since  July  12. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  100,  p  418;  135,  pp  230-231. 
Discharge:  100,  p  418;  135,  p  231. 
Discharge,  monthly:  135,  p  232. 
Gage  heights:  100,  p  418;  135,  p  231. 
Rating  table:  135.  p  232. 

Discharge  measurements  of  Wallowa  River  near  Joseph,  Oreg.,  in  1906. 


Date. 


Hydrographer. 


W.  C.  Sawyer . 


March  30.. 

May  18 1 do 

July  10 1 do 

July  11 1 do 

July  11 1 do 

July  11 do 

July  12 ' do 

September  19 . . ' do 

November 27..    R.  S.  Hall. 
I 


Width. 


Feet. 
27 
27 
28 
27 
28 
27 
30 
27 


Area  of 
section. 


Square 
feet. 

34.5 

42.0 

50.0 

36.1 

52.0 

29.5 

61.0 

25.5 

32.4 


Mean 
velocity. 


Feet  per 
second. 

2.37 

2.43 

4.08 

3.62 

4.63 

2.82 

6.:o 

2.31 
2.33 


Gage 
height. 

Dis- 
charge. 

Feet. 

Second- 
feet. 

1.51 

82 

2.20 

102 

2.43 

202 

2.30 

131 

2.58 

239 

2.17 

83 

2.74 

319 

2.05 

59 

2.02 

76 

Daily  gage  height y  in  feet,  of  WaUawa  River  near  Joseph,  Oreg.,for  1905. 


Day. 


Jan. 


Feb.  I  Mar.  i  Apr.     May.    June.    July 


1 1  1.4  1.2 

2 '  1.4  I  1.2 

3 1  1.4  I  1.2 

4 1.4  1  1.2 

5 1.3  I  1.2 

6 '  1.3  1.2 

7 1.3  I  1.2 

8 1.3  I  1.2 

9 1.3  1.1 

10 '  1.1 

U 1.3  '  1.2 

12 1.3  1.2 

13 1  1.3]  1.2 

14 1  1.3  1  1.2 


1.2 

1.2  ' 

1.2  I 
1.2  I 
1.2  I 
1.2  I 
1.2 
1.2  I 
1.2  ' 
1.2, 
1.2 


2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.05 

2.05 

2.0 

2.0 


2.15 

2.15 

2.15 

2.15 

2.15 
2.15 
2.15 
2.15 
2.05 
2.05 
2.05 
2.05 
2.05 


2.05 

3.15 

3.2 

3.2 

3.3 

3.35 

3.8    ■ 

3.2 

3.05  ! 

3.05  I 

3.15 


3.05 
3.15 
3.15 


ruly. 

Aug. 

2.7 

2.8 

2.6 

2.8 

2.6 

2.7 

2.6 

2.7 

2.0 

2.6 

2.7 

2.5.5 

2.75 

2.5 

2.75 

2.5 

2.6 

2.5 

2.6 

2.4 

2.6 

2.4 

2.5 

2.4    1 

2.8 

2.4 

2.8 

2.4    1 

Sept. 


2.15 


2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 


Oct.      Nov. 


2.1 

2.1 

2.1 

2.1 

2.1 

2.15 

2.2 

2.2 

2.2 

2.1 

2.1 

2.1 

2.1 

2.1 


2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 


Dec. 

1.9 
1.9 
1. 

1 
1 
1 
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Daily  gage  height^  in  feet,  ofWaUowa  River  near  Joseph,  Oreg.,for  1905— Continued. 


Daj. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

3.05 

3.05 

3.05 

3.05 

2.05 

2.85 

2.9 

2.9 

2.9 

2.85 

2.8 

2.8 

2.75 

2.6 

2.6 

2.6 

July. 

Aug. 

S^t. 

Oct. 

Nov. 

^ 

15 

1.3 
1.3 
1.3 
1.3 
1.3 
1.2 
1.2 
1.3 
1.3 

1.2 
1.2 
1.2 
1.2 
1.2 

1.3 
L2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.3 
1.3 
1.3 
1.3 
1.4 





1.4 

1.4 

1.6 
1.6 
2.0 

2.0 

2.0 

2.05 

2.05 

2.05 

2.05 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.15 

2.15 

2.0 

2.0 

2.0 

2.0 

2.2 

2.15 

2.1 

2.1 

2.15 

2.25 

2.3 

2.2 

2.2 

2.1 

2.15 

2.15 

2.9 

2.7 
2.7 
2.6 
2.6 
2.6 
2.7 
2.8 
2.8 
2.8 
2.7 
2.8 
2.6 
2.7 
2.7 
2.7 

2.8 

2.35 

2.3 

2.3 

2.3 

2.3 

2.25 

2.25 

2.3 

2.25 

2.25 

2.25 

2.25 

2.2 

2.2 

2.2 

2.2 

2.2 

2.1 

2.05 

2.0 

2.05 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.05 

2.2 

2.2 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.05 

2.05 

2.05 

2.05 

2.05 

2.(K 

2.0 

2.0 

2.0 

2.0 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
LOS 
1.95 
L9 
L9 
1.9 
1.95 
L96 
LOS 
L96 

16 

17 

18 

19 

20 

21 

22.   . 

24 

25 1 

26 j 

27 

28 

1.3 
1.3 
1.3 
1.3 

29 

30 

l.ff 

31 

1.3 

Lf 

Note.— Oage  heights,  January  1  to  March  30,  refer  to  lake-gage  datum.    During  the  xonainderof 
the  year  gage  heights  refer  to  new  gage. 

Station  rating  table  for  Wallowa  River  near  Joseph,  Oreg.ffrom  November  IS,  1903,  to  Mard 

SO,  1905. 


Gage 
height. 

Discharge. 

Gage 
height. 

Feet, 

Discharge. 

1  height. 

Discharge. 

Gage 
height. 

1 
Discharge. 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet, 

Feet 

Seeond-feet., 

L20 

53 

2.00 

157 

2.80 

344 

3.60 

009    1 

L30 

63 

2.10 

175 

2.90 

374 

3.70 

643 

L40 

73 

2.20 

195 

3.00 

406 

3.80 

677 

L50 

85 

2.30 

216 

3.10 

439 

3.90 

711 

Leo 

97 

2.40 

238 

3.20 

473 

4.00 

745 

L70 

no 

2.50 

262 

3.30 

507 

L80 

125 

2.60 

288 

3.40 

541 

L90 

HI 

2.70 

315 

aso 

575 

1 

The  above  table  Is  applicable  only  for  open-channel  conditions.    It  is  based  on  six  discharge  nie*»- 
urpments  made  during  1903-4.    It  is  well  deflned  between  gage  heights  1.5  feet  and  3  feet. 

Station  rating  table  for  Wallowa  River  near  Joseph,  Oreg.,from  March  SI  to  December  31, 1905- 


Gage 
height. 


"I  ' 


Feet. 
1.90 
2.00 
2.10 
2.20 


Discharge. 

Second-feet. 
35    j 

54     j 

^     1 
104     , 


Gage 
height. 

Feet. 
2.30 
2.40. 
2.50 
2.60 


Discharge. 


Second-feet 

135 

170 

209 

252 


1     Gage 
height. 

Discharge. 

1 

Ga«! 
height. 

Discharge. 

1      ^"'• 

Second-feet. 

Feet. 

Second-feet. 

jl        2.70 

299 

3.10 

527 

j        2.80 

350 

3.20 

507 

2.90 

405 

3.30 

675 

|l        3.00 

i! 

464 

The  above  table  is  applicable  only  for  open-channel  conditions.     It  is  based  on  eight  discbaige  ine«- 
urements  made  during  1905.    It  is  well  defined  between  gage  heights  2  feet  and  2.8  feet. 
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E^Umaled  monthly  discharge  of  Wallowa  River  near  Joseph^  Oreg.^far  1906, 


Month. 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean, 


Total  in 
acre-feet. 


Janoaiy 

February 

March 

AprU 

May 

Jane 

July 

August 

September 

October 

November 

December 

The  year 


73 

63 

97 

90 

405 

717 

350 

350 

104 

104 

54 

44 


717 


53 
46 
53 
54 
54 
252 
209 
104 
54 
54 
35 
35 


35 


63.6 
53.0 
62.6 
64.7 
94.0 

473 

293 

172 
70.8 
74.7 
50.1 
35.3 


126 


3,911 
2,943 
3,849 
3,850 
5,780 
28,140 
18,020 
10,580 
4,213 
4,593 
2,981 
2,170 


91,030 


TVALLOWA  RIVER  NEAR  WALLOWA,  OREG. 

This  station  was  established  November  14, 1903,  by  John  H.  Lewis.  It  is  located  at  the 
county  bridge,  1}  miles  below  Wallowa,  Oreg.,  and  one-fomth  mile  below  the  mouth  of  Bear 
Creek.  A  small  irrigation  ditch  takes  water  from  the  river  about  300  feet  above  the  bridge 
on  the  ri^t  bank. 

The  channel  is  straight  for  400  feet  above  and  600  feet  below  the  station.  The  current  is 
swift.  Both  banks  are  low,  wooded,  and  not  liable  to  overflow.  The  bed  of  the  stream  is 
composed  of  gravel,  is  tree  from  vegetation,  and  is  not  liable  to  shift.  There  is  but  one 
channel  at  low  water.  At  high  water  the  chaiuiel  is  broken  by  the  rock-filled  timber  crib 
pier,  to  which  the  gage  is  fastened. 

Discharge  measurements  are  made  from  the  upstream  side  of  the  bridge  to  which  the  gage 
is  attached.  The  initial  point  for  soundings  is  the  left  end  of  the  lower  chord  on  the  upstream 
side  of  the  bridge. 

A  staff  gage  is  fastened  vertically  to  the  downstream  side  of  the  timber  crib  pier  on  the 
right  bank.  During  1905  the  gage  was  read  once  each  day  by  L.  S.  Johnson.  Bench  marks 
were  established  as  follows:  (1)  The  head  of  a  30-penny  wire  nail  driven  nearly  flush  with 
the  top  of  the  crib,  2  inches  from  the  edge,  near  the  gage;  elevation,  6.60  feet.  (2)  A 
square  chisel  draft  on  top  of  a  rock  near  the  rail  fence  across  the  ditch  50  feet  from  the  right 
end  of  the  bridge;  elevation,  8.10  feet.    Elevations  refer  to  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Watei^upply  Papers 
of  the  United  States  (Geological  Survey: 

Deacription:  100,  p  417;  135,  pp  232-233. 
Discharge:  100,  p  417;  135,  p  233. 
Discharge,  monthly:  135,  p  234. 
Gage  heights:  100,  p  417;  135,  pp  233-234. 
Rating  Uble:  135,  p  234. 
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Discharge  measurements  of  WaUowj  River  near  Wallowa,  Oreg.,  in  19%. 


Date 


March  31 
May  19 
Julys 

September  18 
November  29 . . 


1.. 

2.. 

3. 

4. 

5. 

6.. 

7.. 

8.. 

9.. 
10.. 
11., 
12., 
13.. 
14.. 
15., 
16.. 
17.. 
18.. 
19.. 
20., 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Daily  gage  height,  in  feet,  of  WaiUowa  River  near  Wallowa,  Oreg.,  for  1905. 


Day. 


Jan. 


2.0 
1.9 
1.9 
1.8 
1.7 
1.8 
1.8 
1.8 
1.8 
1.8 
1.7 
1.8 
2.2 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.9 
2.3 
2.0 
2.0 
2.0 
1.9 


Feb. 


Mar. 

1.9 
1.9 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.0 

2.0 ; 

2.0  i 

2.1  I 
2.1  ' 

2.0  j 
2.0  ] 
2.0, 
2.0  , 


Apr. 

M... 

June. 
3.9 

July. 

2.0 

2.4 

2.8 

2.0 

2.4 

3.9 

2.8 

2.0 

2.6 

4.0 

2.8 

2.0 

2.5 

4.0 

2.8 

2.0 

2.6 

3.8 

2.8 

2.1 

2.6 

3.7 

2.8 

2.1 

2.6 

3.6 

2.8 

2.3 

2.7 

3.7 

2.5 

2.3 

2.8 

4.2 

2.6 

2.3 

2.2 

4.0 

2.5 

2.2 

2.6 

4.0 

2.3 

2.2 

2.5 

4.0 

2.3 

2.2 

2.5 

3.9 

2.3 

2.1 

2-5 

3.8 

2.3 

2.1 

2.4 

3.6 

2.2 

2.1 

2.5 

3.9 

2.2 

2.1 

3.0 

3.7 

2.2 

2.0 

2.9 

3.0 

2.0 

2.1 

2.9 

3.0 

2.0 

2.1 

3.0 

3.1 

2.0 

2.2 

2.8 

3.1 

1.9 

2.2 

2.7 

3.1 

1.8 

2.3 

2.6 

3.1 

1.8 

2.4 

2.5 

3.2 

1.8 

2.5 

2.5 

3.1 

1.8 

2.8 

2.6 

3.0 

1.9 

2.7 

2.9 

2.9 

1.9 

2.5 

3.0 

2.8 

1.8 

2.4 

3.0 

2.7 

1.9 

2.5 

3.2 

2.9 

1.9 

3.5 



1.9 

Aug. 


1.9 
1.9 
1.9 
1.9 
1.9 
1.8 
1.8 
1.8 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.6 
1.6 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 


Sept. 


Oct.  I  Not.    Dae. 


2.0 

1.9 

1.9 

1.9 

1.85 

1.85 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.06 

2.1 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.05 

2.1 

2.06 

2.05 

2.06 

2.0 

2.0 


2.0 

2.0    , 

2,0    , 

1.95 

1.95 

1.95' 

1.95, 

1.95'; 

1.95 

1.95 

1.9 

1.9 

1.9    ! 

1.9 

1.9 

1.85 

1.85  I 

1.95 

1  95 

1.95 

1.9    < 

1.85, 

1.8   ' 

1.8  I 
1.85' 
2.0  j 
2.0 

1.9  1 
1.9 
1.9 


1.S3 

IM 
1.S5 
1.9 
l.> 
1.9 
1.9 
1.9 
1.75 

1.7 
2.0 
U 
14 
14 
10 
1.8 
l.S 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
l.M 
1.& 
1.8 
l.S 
1.8 
U 
1.8 


Note.— Anchor  ice  during  part  of  January,  February,  and  December. 
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Station  rating  tabiefor  WaHouxi  River  near  WdUowaf  Oreg.,from  January  1  to  December  SI, 

1905. 


hei^. 

1 

Discharge. ' 

Oage 
height. 

Discharge. 

Oage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet.^ 

Feet. 

Second-feet. 

Feet. 

Second^eet. 

1.50 

140 

2.20 

412 

2.90 

862 

3.60 

1,610 

l.GO 

168 

2.30 

462 

3.00 

960 

3.70 

1,730 

1.70 

200 

2.40 

614 

3.10 

1,063 

3.80 

1,844 

1.80 

236 

2.60 

568 

3.20 

1,169 

3.90 

1,958 

i.go 

276 

2.60 

626 

3.30 

1,277 

4.00 

2,072 

2.00 

318 

2.70 

603 

3.40 

1,388 

4.10 

2,186 

2,10 

i 

364 

2.80 

772 

3.60 

1,502 

4.20 

2,300 

Th4?  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  nine  discharge  nn 
ments  made  during  1903-1905.     It  is  fairly  well  defined  between  gage  heights  1 .7  feet  and  3.1  leet. 
The  table  has  beien  extended  beyond  these  limits. 
Above  gage  height  2.6  feet  the  table  is  the  some  as  that  of  1904. 

Estimated  monthly  discharge  of  WaOoioa  River  near  WaUowa,  Oreg.^for  1906. 


Month. 


Discharge  in  second-feet. 


Maximum.   Minimum, 


Mean. 


Total  hi 
acre-feet. 


January 

February 

March 

AprU 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


462 
318 
364 
772 
1,602 
2,300 
772 
276 
341 
364 
318 
514 


aoo 

140 
276 
318 
412 
693 
236 
168 
200 
256 
236 
200 


228 
332 
431 
716 
1,605 
451 
214 
219 
317 
285 
274 


16,230 
12,660 
20,410 
25,660 
43,960 
89,660 
27,730 
13,160 
13,030 
19,490 
16,960 
16,860 


2,300 


140 


436 


315,700 


TV  ALLOW  A  RIVER  NEAR  ELGIN,  OREG. 

This  station  was  established  November  18, 1903,  by  John  H.  Lewis.  It  is  located  at  the 
county  highway  bridge  just  below  the  mouth  of  Minam  River,  12  miles  from  Elgin,  Oreg. 
The  station  is  in  Wallowa  Canyon  about  9  miles  below  the  lower  end  of  Wallowa  Valley. 

The  channel  is  straight  for  100  feet  above  and  1,000  feet  below  the  station.  Both  banks 
are  high,  rocky,  not  liable  to  overflow,  and  without  timber  or  brush.  The  current  is  swift. 
The  bed  of  the  stream  is  composed  of  gravel,  and  is  free  from  vegetation  and  not  liable  to 
shift.    There  is  but  one  channel  at  all  stages. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  single-span  bridge  to 
which  the  gage  is  attached.  On  account  of  the  velocity  of  the  water  a  stay  wire  is  used  in 
making  discharge  measurements.  The  initial  point  for  soundings  is  the  end  of  the  bridge 
rail  on  the  left  bank. 

The  gage  is  in  two  sections,  located  under  the  lower  side  of  the  bridge  on  the  left  bank. 
The  lower  or  inclined  section  reads  from  1.7  to  3  feet.  The  upper  or  vertical  section  reads 
from  3  to  10  feet.  During  1905  the  gage  was  read  once  each  day  by  Samuel  Spores  and 
G.  W.  Weir.  Bench  marks  were  established  as  follows :  (1)  The  highest  point  of  the  rock  to 
which  the  vertical  section  of  the  gage  is  fastened,  6  inches  from  the  gage  rod;  elevation, 
9.60  feet.  (2)  The  center  of  the  hole  in  the  rock  in  which  the  bolt  supporting  vertical  rod  is 
Mt;  elevation,  7.07  feet.    Elevations  refer  to  the  datum  of  the  gage. 
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Information  in  regard  to  this  station  is  contained  in  the  following  Wat«r-Supplj  Pa|>en  d 
the  United  States  Geological  Survey: 

Description:  ibo,  pp  416-417;  135; p  235. 
Discharge:  100,  p  417;  135,  p  235. 
Discharge,  monthly:  135,  p  237. 
Gage  heights:  100,  p  417;  135,  p  236. 
Rating  table:  135,  p  236. 

Discharge  measuremenis  of  Wallowa  River  near  ElgiTif  Ortg.,  in  1905. 


Date. 


April  1 

May  20 

July7 

September  16 . . 
November  aoo. 


Hydrographer. 


W.  C.  Sawyer. 

....do 

.-..do 

do 

R.  8.  HaU 


Width 


Feet. 
140 
161 
160 
145 
172 


Area  of 
section. 


Square 
feet. 

218 

383 

296 

138 

209 


Mean 
velocity. 


Feet  per 
second. 

S.66 

4.84 

3.74 

2.16 

1.70 


OAflS     I      Dis- 
hej0bt.  '  cfasisv. 


Feet. 

2.85 
S.86 
3.27 
2.18 
2.34 


Seeomi- 
feet. 

i,Mr 

3SI 


a  Made  at  different  section. 
DaUy  gage  height,  in  feet,  of  WaUouxi  River  near  Elgin,  Oreg.,fcr  1906. 


Day.       . 

Jan. 

Feb. 

Mar. 

Apr. 

Ma.. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

Dee. 

1 

2.5 
2.5 
2.5 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.1 
2.1 
2.2 
2.3 
2.3 
2.4 
2.4 
2.4 
2.4 
2.4 
2.3 
2.3 
2.3 
2.3 
2.4 
2.8 
2.6 
2.6 
2.6 
2.5 
2.4 
2.4 

2.4 
2.4 
2.4 
2.4 
2.3 
2.3 
2.3 
2.2 
2.1 
2.0 
2.0 
2.0 
2.0 
2.2 
2.2 
2.3 
2.4 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 
2.7 
2.7 
2.7 
2.7 





2.7 
2.7 
2.8 
2.8 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.9 
2.9 
2.9 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.9 
2.9 
2.9 
2.9 
2.9 

2.9 
2.9 
2.9 
2.9 
3.0 
3.0 
3.1 
3.1 
3.1 
3.1 
3.0 
3.0 
3.0 
2.9 
2.9 
2.9 
2.9 
2.8 
2.8 
2.9 
2.9 
3.0 
3.2 
3.3 
3.4 
3.7 
3.5 
3.3 
3.2 
3.3 

3.2 
3.2 
3.3 
3.3 
3.5 
3.5 
3.6 
3.7 
3.7 
3.6 
3.5 
3.4 
3.3 
3.3 

i: 

3.9 
3.8 
3.8 
4.0 
3.7 
3.6 
3.5 
3.4 
3.3 
3.4 
3.8 
3.8 
3.9 
4.2 
4.9 

4.9 
5.0 
6.0 
4.9 

4.4 

4.6 
5.0 
4.9 
4.9 
4.8 
4.6 
4.4 
4.2 
3.6 
3.5 
3.8 
3.8 
3.9 
4.0 
4.1 
3.9 
4.0 
3.8 
3.7 
3.6 
3.5 
3.4 
3.3 

3.3 
3.5 
3.5 
3.5 

a5 

3.4 
3.4 
3.3 
3.2 
3.2 
3.1 
2.9 
2.8 
2.6 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 

2.4 
2.4 
2.4 
2.4 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.0 
2.0 
.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.25 

2.5 

2.6 

2.45 

2.45 

2.4 

2.4 

2.35 

2.35 

2.35 

2.6 

2.55 

2.55 

2.5 

2.55 

2.6 

2.6 

2.6 

2.7 

2.65 

2.7 

2.6 

2.6 

2.6 

2.6 

2.55 

2.6 

2.65 

2.65 

2.8 

2.7 

2.6 

2.6 

2.6 

IV 

2.55 

2.5 

2.5    i 

2.5 

15 

2.5 

2.45 

2.45 

2.45 

2.4 

2.4 

2.4 

2.4 

2.4 

2.45 

2.5 

2.5 

2.5 

2.35 

2.35 

2.4 

2.4 

2.35 

2.3 

2.3 

13 

2 

3 

4 

6 

6 

7 

8 

9 

10 

lOS 

11 

2  05 

12 

13 

14 

15 

in 

16 

2M 

17 

18 

19      

20 

21 

22 

23 

24 

25 

26: 

27 

28 

2.35 

29 

30 

31 

2L4 
i8S 

NOTB.— No  ice  record. 
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Station  roHfig  table  for  WaUowa  River  near  Elgin,  Oreg.ffrom  January  1  to  December  SI,  1906. 


Oafe 

height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

iOO 

216 

2.80 

680 

3.60 

1,550 

4.40 

2,670 

2.10 

255 

2.90 

770 

3.70 

1,680 

4.50 

2,830 

2.20 

300 

3.00 

870 

3.80 

1,810 

4.60 

2,990 

2.30 

350 

3.10 

»70 

3.90 

1,940 

4.70 

3,150 

2.40 

405  ■ 

3.20 

1,080 

4.00 

2,080 

4.80 

3,310 

2.50 

465 

3.30 

1,190 

4.10 

2,22t 

4.90 

3,480 

2.60 

530 

3.40 

1,310 

4.20 

2,370 

6.00 

3,650 

2.70 

600 

3.50 

1,430 

4.30 

2,520 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  eight  discharge  meas- 
orements  made  during  19(^1905.    It  is  well  defined  between  gage  heights  2.2  feet  and  4  feet. 

EgHmated  monthly  discharge  of  Wallowa  River  near  Elgin,  Oreg.,for  1905. 


Month. 


Janoary 

February 

March 

April 

May 

June 

July 

August 

September 

October 

Norember 

December 

The  year 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean. 


680 

600 

770 

1,680 

3,480 

3,650 

1,430 

405 

530 

680 

530 

725 


3,650 


255 
215 
600 
680 
1,080 
1,190 
405 
215 
215 
378 
350 
235 


215 


401 
683 
944 
1,581 
2,461 
768 
287 
273 
512 
434 
365 


740 


Total  in 
acre-feet. 


24,350 
22,270 
42,000 
56,170 
97,210 
145,800 
47,220 
17,650 
16,240 
31,480 
25,820 
21,830 


648,000 


DITCHES  IN  WALLOWA  RIVER  VALLEY,  OREGON. 

8ILYEK  LAKE  DITCH  HEAR  J08BPE,  OKEO. 

This  ditch  diverts  water  from  the  right  bank  of  Wallowa  River  about  1  mile  above  Joseph 
and  one-eighth  mile  below  the  outlet  of  Wallowa  Lake.  Its  head  is  75  feet  below  the  river 
gaging  station. 

The  gage  is  a  vertical  rod  on  the  left  bank  one-fourth  mile  below  the  bend,  and  is  read 
twice  a  week  by  F.  L.  Bedingfield. 

Discharge  measurements  of  Silver  Lake  ditch  near  Joseph,  Oreg.,  in  1905. 


Date. 

Hydrographer. 

Width. 

Area  of 
section 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

July  12. 

W.  C.  Sawyer 

Feet. 
12 
11 
10 

20.5 
10.4 
6.2 

Feet  per 
second 

3.61 

1.65 

.47 

Feet 
1.30 
.43 
.10 

Second- 
feet 

74.1 

September  19.. 
November  27... 

do 

16.1 

do 

2.9 
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DaUy  gage  height ,  in  feet,  of  Silver  Lake  ditch  near  Joseph,  Greg.,  far  1905. 


Day. 

July. 

Aug. 

Sept. 

1- 

Nov. 

Dec. 

1       Day. 

J  uly.  1  Aug. 

1 

Sept. 

i- 

Not.  D«. 

1 

1 

0.45 

1 

j  16 

1.0 

0.45 

..   aoe 

2 



.a) 

0.5 

0.05 

1  18 

as 

ai  

4 



0.3 

.2 

lis 

1.3 

1-0 

5- 

1.2 

1  20. 

1 

.35 

1 

6 

.45 

.OS 

ifi..:: :: 

! 

1 

" 

7....  ..;::;; j:::::: 

.3 

1  22 

1.3 

.1  

8 l: 

.2 

.05 

l23 

1.0 

.3 

'     M 

9 

.5 

25 

.45 

.1  1 

10 

1.1 

.5 

26 

1.0 

1.0 

11 

.2 

27 

.3 

>      C 

12 

(«) 

28 

.« 

1 

13 

.45 

.05 

29 

1.0 

.0   

15 

1.3 

30 

.9 

.3 

s 

"Dry. 
FAKXXB8  AND  0ITIZBN8  DITOH  NEAR  J08EFH,  ORBO. 

This  ditch  diverts  water  from  the  right  bank  of  Wallowa  River  a  few  hundred  feet  below 
the  head  of  the  Silver  Lake  ditch . 

The  gage  is  vertical  and  is  attached  to  the  left  side  of  the  flume  near  the  lower  end. 

The  zero  of  the  gage  is  the  bottom  of  the  flume.  The  gage  was  read  twice  a  week  by 
F.  L.  Bedingfield. 

Discharge  measurements  of  Farmers  and  Citizens  diteh  near  Joseph,  Oreg.,  in  1905. 


Date. 

Hydrographer. 

Width 

Area  of 
section. 

Mean 
velocity. 

Gage 
hei^t. 

DU- 
charge- 

July  11 

W.  C.  Sawyer 

Feet. 
11.4 
11.8 

22.4 

lao 

Feet  per 
iiecsnd. 

3.06 

1.12 

Feet. 
1.93 
.75 

Secon^ 
feet. 

e8.s 

November  27 . . 

R.  S.  Hall 

U.2 

Daily  gage  height,  in  feet,  of  Farmers  and  Citizens  ditch  near  Joseph,  Oreg.,  for  1905. 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 
0.65 

Dec. 
0.6 

Day. 

July. 

Aug. 
1.5 

Sept. 

Oct. 

Nov. 

ID«. 

1 

1 

16 

0.8 

|o.5 

2 

19     0.9 

18 

0.7 

0.6 

1 

4 

0.7 

.7 

19 

2.0 

1.4 

1 

5. 

1.9 

20 

.8 

1 

6 

.9 

.6 



21  ...  . 

.7 

1 

1 

7 

.75 

1  22 

2.1 

.7 

.... 

8 ' 

.7 

.5 

23 

1.0 

.6 

.55 

9 1     

.85 

25 

-7 

.5 



10 1 

1.9 

.7 

26 

.3 

.9 

11 1 

.65 

27 

.6 

.5 

12 

1.8 

28 

.65 

13 

.85 

.5 

29  ...  . 

1.7 

.75 

15 

..  .. 
1.9 

' 

30 

.9 

.7 

.4 

.  .. 
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ORAVOER  DITOH  AT  JOSEPH,  OKXO. 

This  ditch  diverts  water  from  the  right  bank  of  Wallowa  River  in  the  upper  part  of  Joseph. 
The  gage  is  a  vertical  rod  attached  to  the  lower  side  of  a  wagon  bridge  a  short  distance 
below  the  lower  end  of  the  flume. 
Gagings  were  made  from  this  bridge. 

Discharge  meciauremerUs  of  Granger  ditch  at  Joseph^  Or^.,  in  1905. 


Dat«. 


Hydrograpber. 


July  12 

November  27. . 


W.  C.  Sawyer. 
R.  8.  Hall 


Width 


Feet. 
12.5 
13.8 


Area  of       Mean 
section,    velocity. 


Square 
feet. 

20.6 

9.4 


Feet  per 
second. 

3.73 

.08 


Gage 
height. 

Dis- 
charge. 

Feet. 

Second- 
feet. 

1.34 

76.9 

.30 

9.1 

DaUy 

gage 

height 

,  infeeif  of  Granger  ditch  at  Joseph^  Oreg.,for 

1906. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 
0.4 

1 

Dec. 

D... 

July. 

Aug. 

Sept. 
0.4 

Oct. 

Nov. 

Dec. 

16 

0.5 

0.25 

2 

2.2 

0.4 

0.3 

18     

0.5 

0.4 

4.. 1 

0.5 

.4 

19 

0.6  '    .4 

1 

5 

1.0 

20 

.35 

6                       1 

.4 

21 

1 

.5 

7                     1 

.55 

1 

22 

1.7 

.4 

8.                    '         _ 

..   ..|... 

.4 

.3 

23 

.5 

.5 

.25 

9 

..;: 

25 

.5 

.35 

10 

.4 

.. 

26 

1.8       .4 

11 

.35 

27 

.6 

.25 

12. 

.9 

28 1     .     .  1.   -- 

.4 

13 

.4 

\      ..•. 

29 

30 

1.8 

I 

.35 

15 

1.0 

1    ' 

.35 

.5 

.25 

1 

BIO  BSHS  DITOH  AT  JOSEPH,  OREO. 

This  ditch  diverts  water  from  the  right  bank  of  Wallowa  River  in  the  upper  part  of  Joseph. 
The  gage  is  attached  to  the  side  of  the  flume  near  the  lower  end.    The  zero  of  the  gage 
is  the  bottom  of  the  flume. 
Gagings  were  made  from  the  wagon  bridge  below  the  end  of  the  flume. 

Discharge  measuzements  of  Big  Bend  ditch  at  Joseph^  Oreg.j  in  1906. 


Date. 


Hydrographer. 


July  12 1  W.  C.  Sawyer. 

.November  27. .    R.  S.  Hall 


Width. 


Feet. 
15.0 
12.5 


Area  of       Mean 
section,    velocity. 


Square 
feet.      I 

21.2  j 

5.2  I 


Feet  per 
second. 

3.43 

1.57 


Gage 
height. 


Feet. 
1.10 
.40 


Dis- 
charge. 

Second- 
fret. 

72.7 

8.2 


I 
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Daily  gage  height,  in  feet,  of  Big  Bend  ditch  ai  Joseph,  Oreg.,for  1905. 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec.l 

Day. 

July. 

Aug. 

Sept. 

1  Oct. 

! 

Not.    dJ 

1 

as 

•■o:2- 

16 

a25 

.25 

^\ 

2         

1.2 

0.35 

18 

as 

ae 

4 

a3 

.6 

19 

as 

.3 

6 

.7 

# 

20 

.55 

:::::;  ...J 

6 

.35 

.3 

21 

22 

1.1 

.5 

.0 

J 

7           

.4 

8 

.6 

.3 

23 

.2 

a6 

.1 

9 

.35 

25 

.45 

.65 


10 

.3 

.5 

26 

.9 

.2 

11      

.45 

27 

.7 

.a 

12 

.6 

28 

.45 

1 

13 

.5 

.3 

29 

.9 

.3     1 
1 

.25 

15 

0.9 

30 

.3 

.55 

1 

OOMFAHY  DITCH  KEAK  WALLOWA,  OSXO. 

This  ditch  diverts  the  water  from  the  right  bank  of  Wallowa  River  about  1,000  feet  above 
the  river  gaging  station. 
The  gage  is  a  vertical  rod  on  the  right  bank  nearly  opposite  the  river  gaging  station. 
Gagings  were  made  from  the  bridge  at  the  gage. 

Discharge  measurements  of  Company  ditch  near  WaUowa,  Oreg.,  in  2906. 


Date. 


Hydrograpber. 


May  19 1  W.  C.  Sawyer. 

Julys ' do 

September  IS do 

November  28.. .  I  R.  S.  Hall 


Area  of 
section. 

Mean 
velocity. 

Smare 

Feet  per 
second. 

13.8 

1.78 

10.8 

1.09 

8.3 

.77 

7.6 

1.03 

Gage     I      Di»- 
heigbt.  I  charge. 


Feet. 
2.60  I 
2.15  j 
1.82  i 
1.90 


Secvmd- 
feet. 

24.6 

6.4 

7.8 


DaUy  gage  heights,  in  feet,  of  Company 

ditch  near  Wallovxi,  Oreg.,  for 

1905. 

Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Doc. 

2 

1.9 

3 1 

1 

2.0 

4 ; 1... . 

1.9 

1 

6 ■. 1 

1.85 



1.95 

8 1 

2.15 

1.9 

9 1 

1.7 

2.0 

10 1 

1.95 

,1 !.. 

1 

i 

1.' 

,3 .!.. 

1 

2.0 

1.9 

,5 1 

! 

1.7 

16 

1 

2.1 

,7 1 

1 

1.85 

18 1 

1.82 

1.8 

19 

!        2.6 

1 

' 

20 

! 

2.0 

1.95 

n 1 

i 

1.8 
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DttHy  gage  heights,  in  fed,  cf  Company  ditch  near  Wallowa,  Ortg.,for  1905— Continued. 


IHy. 

M*y. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.0 

1 

1.8 

S 

1.75 

r 

2.06 

2.0 
1.9 

g 

• 

2.0 

D 

2.0 

EetimaUd  monOdy  dMhorge  of  Company  ditch  near  Wallowa ,  Oreg.,for  1906. 


Month. 

Discharge  in  second-feet. 

Total  in 

Maximum. 

Minimum. 

Mean. 

acre-feet. 

lUy  (22dayB) 

25 
35 
20 
8 
9 
11 
9 
12 

25 
35 
6 
5 
5 
7 
6 
5 

25.0 
35.0 
11.5 
5.55 
5.9 
8.87 
7.93 
7.32 

1,091 

JVfTW^ ...    . .  . 

2,068 

July 

707 

Au^ost 

341 

351 

October 

545 

NoTeml>©T 

472 

December 

460 

The  period 

6,040 

1 

NoTS.— Dischsige  estimated  between  May  10  and  September  15. 

ASOTIN  CREEK  H  MILES  ABOVE  ASOTIN,  WASH. 

This  sUtion  was  esUblished  March  26,  1904,  by  W.  W.  Schlecht.     It  is  located  at  the 

highway  bridge  about  1}  miles  above  Asotin,  Wash.,  at  the  power  house  of  the  Lewiston 

Water  and  Power  Company. 
The  channel  is  straight  for  about  120  feet  above  and  40  feet  below  the  station,  and  the 

current  is  swift.     Both  banks  are  low  and  liable  to  overflow  during  extreme  high  water. 

They  are  both  lined  with  brush,  the  left  bank  being  covered  with  orchards  and  houses. 

The  bed  of  the  stream  is  composed  of  gravel  and  bowlders  and  is  free  from  vegetation  and 

(airly  permanent.    There  is  one  channel  at  low  and  two  channels  at  high  stages. 
Discharge  measurements  are  made  from  the  single-span  bridge,  to  which  the  gage  is 

attached.  The  initial  point  for  soundings  is  a  20-penny  nail  driven  into  the  floor  of  the 
bridge  over  the  mean  edge  of  the  left  abutment,  and  marked  zero.  At  low  water  the  current 
near  the  right  bank  may  flow  diagonally  toward  the  center  of  the  stream;  at  such  times 
it  is  advisable  to  make  the  measurements  from  the  upstream  side  of  the  bridge.  During 
high  stages  the  water  at  the  upstream  side  is  too  swift  for  accurate  measurements. 

A  staff  gage  is  fastened  vertically  to  the  downstream  face  of  the  left  abutment.  During 
1905  the  gage  was  read  once  each  day  by  M.  E.  Turner.  Bench  marks  were  established 
18  follows:  (1)  A  20-penny  nail  driven  horizontally  into  the  guy  pole  for  the  chimney  of 
the  Lewiston  Water  and  Power  Company's  power  house,  between  the  power  house  and  the 
bridge,  marked  "U.  S.  G.  S.  B.  M.; "  elevation,  6.44  feet.  (2)  A  20-penny  nail  driven  ver- 
tically into  the  stump  of  an  old  telegraph  pole  on  the  south  side  of  the  road,  about  100  feet 
from  the  bridge,  marked  "  U.  S.  G.  S.  B.  M. ;"  elevation,  7.57  feet.  Elevations  refer  to 
the  datum  of  the  gage. 

A  description  of  this  station  and  gage  height  and  discharge  data  are  contained  in  Water 
Supply  Paper  No.  136,  United  States  Geological  Survey,  pa^  237-239, 
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Daily  gage  heigJUy  in  feet,  of  Asotin  Creek  l\  milts  above  Asotin,  Wash.,  for  1905. 


Day. 

Jan. 

1 

2.4 

2 

2.3 

3 

2.3 

4 

2.3 

5 

2.3 

6 

2.3 

2.3 

8 

2.3 

9 

2.3 

,0 

2.2 

11 

2.2 

12 

2.3 

13 

2.3 

14 

2.4 

15 

2.3 

16 

2.3 

17 

2.3 

18 

2.3 

19 

7  3 

20 

2.2 

21 

7, 

22 

2.2 

23    

2.2 

24 

2.4 

25 

2.3 

26 

2.3 

27 

2.3 

28 

2.3 

29 

2.3 

30 

2.3 

31 

2.3 

Feb.  ,  Mar. 


2.3  I 
2.3  ! 
2.3  I 
2.3  i 
2.3  I 
2.3  ' 


2.3 
2.3 
2.3 
2.3 
2.0 
2.0 
2.8 
2.8 
2.8 
2.9 
2.9 
3.0 
2.9 
3.1 
3.1 
2.7 
2.6 
2.6 
2.6 
2.6 
2.7 
2.7 


2.7 
2.7 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2'.  8 
2.8 
2.8 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.3 
3.2 
3.2 
3.2 
3.2 
3.1 


Apr.     May.  |  June.  '  July.     Aug.     Sept. 


I 


3.1, 

3.0  J 
3.0  1 
3.0  I 
3.0  I 

3.0  I 
3.1 
3.1 
3.2 
3.2 
3.1; 

3.1  ; 
3.1 
3.1  I 
3.1  I 
3.1! 

3.1  I 
3.1 
3.1; 
3.3 

3.2  I 
3.2  ! 

3.2  I 

3.3  i 
3.3  I 
3.3  [ 
3.2  ' 
3.2, 

3.2 ; 

3.2  I 


3.2 

3.2 

3.3 

3.3 

3.2  I 

3.2 

3.2 

3.2 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.2 

3.3 

3.3 

3.2 

3.2 

3.2  I 

3.2 

3.2 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 


3.1  ; 
3.1 
3.4 
3.3 
3.3 
3.3 

3.2  i 
3.2  I 
3.2  I 
3.2  I 
3.1, 
3.4 
3.1 
3.0 
2.9 
2.9 
2.8 
2.8 
2.8 
2.7 
2.7 
2.6 
2.7 
2.8 
2.9 
3.0 
3.0 
3.0 
2.8 
2.8 


2.8 

2.8 

2.7 

2.7 

2.7 

2.7 

2.6 

2.6 

2.5 

2.4 

2.4 

2.4 

2.3 

2.3 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.1  ' 

2.1 

2.1 

2.1  I 

2.1  i 

2.1  I 

2.1  I 

2.1  i 

2.1  I 

2.1  , 

2.1  I 


2.1  1 
2.1  I 
2.1 
2.1  ' 
2.1 
2.1 
2.1 
2.1  I 
2.1  , 
2.1 
2.1 
2.1  I 

2.1  > 
2.1 

2.1 1 
2.1 

2.2  ! 

2.3  I 
2.3 
2.3  I 
2.3 
2.3 
2.3, 
2.3 
2.3  I 

2.2 

2.2  I 
2.2  ' 
2.2 
2.2 
2.2  , 


2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.4 
2.4 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
3.1 
2.7 
2.5 
2.5 


Oct.      Nov.     IM- 


2.4 

2.4 

2.4 

2.4  I 

2.4  I 

2.4  ' 

2.4 

2.4 

2.4 

2.4 

2.4  , 

2.4  ' 

2.4 

2.4 

2.'« 

2.4 

2.4 

2.4  , 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 


2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4  i 

2.4 

2.4 

2.4 

2-4 

2.4 

2.4 

2.4  ' 
2.4  I 
2.4 
2.4 
2.4 
2.4  , 


2.4 

2  4 

i  4 

14 

2.4 

2  4 

2  4 

2  4 

14 

2  4 

2  4 

2  4 

14 

14 

14 

14 

14 

2.4 

14 

24 

24 

2  4 

2  4 

14 

2* 

14 

1' 

14 

14 

14 

14 


I 


Note.— No  ice  record. 


ASOTTX  CREEK  AT  SHELMAN'S  RANCH,   NEAR  ASOTIN,  WASH. 

This  station  was  established  March  25,  1904,  by  W.  W.  Schlecht.  It  is  located  at  Sbel- 
man's  ranch,  about  8  miles  above  Asotin,  Wash.  The  station  is  50  feet  above  the  headgate 
of  Shelman's  irrigation  ditch. 

The  channel  is  straight  for  about  100  feet  above  and  below  the  station  and  the  current  is 
swift.  The  right  bank  is  a  flood  plain  about  350  feet  wide,  which  may  be  flooded  at  extreme 
high  water.  The  left  bank  is  a  similar  plain  about  120  feet  wide,  which  overflows  during 
high  water.  Both  banks  are  lined  with  trees  and  brush.  The  bed  of  the  stream  is  com- 
posed of  gravel  and  bowlders  and  is  free  from  vegetation  and  fairly  permanent.  Tbere  is' 
one  channel  at  ordinary  and  two  at  extreme  high  stages. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  and  tagged  wire.  The  initio 
point  for  soundings  is  a  nail  driven  into  a  hub  l)elow  the  cable  support  on  the  left  bank. 

A  staff  gage  is  fastened  to  a  tree  on  the  left  bank.  During  1905  the  gage  was  read  ooc* 
each  day  by  J.  W.  Whittaker.  The  bench  mark  is  the  top  of  a  40-penny  nail  driven  hori- 
zontally into  a  lai^e  willow  tree  about  40  feet  west  of  Shelman's  house,  2  feet  north  of  the 
road,  marked  "U.  S.  G.  S.  B.  M. ;"  elevation,  lO.(X)  feet  above  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  heights  and  discharge  data,  is  contained  in 
Water-Supply  Paper  No.  135,  United  States  Geological  Survey,  pages  23^240. 
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Daily  gage  heighty  infeetf  of  Asotin  Greek  at  Shelman^s  ranch,  near  Asotin,  Wash.,  for  1906. 


Day. 


Apr. 


1.7 

1.7 

1.7 

1.55 

1.65 

1.65 

1.75 

1.75 

1.77 

1.75 

1.75 

1.75 

1.75 

1.7 

1.72 

1.7 


18... 

19 

1.7 

1.8 

1.8 

1.82 

1.82 

1.8 

1.82 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

20 

21 

22 

23 

24 

25 

2*> 

27 

28 

» 

30... 

31 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1.82 

1.85 

1.7 

1.45 

1.45 

1.5 

1.5 

1.5 

1.78 

1.92 

1.65 

1.45 

1.45 

1.5 

1.6 

1.6 

1.8 

2.6 

1.62 

1.45 

1.45 

1.5 

1.5 

1.5 

1.8 

2.5 

1.65 

1.45 

1.45 

1.5 

1.5 

1.5 

1.8 

2.47 

1.62 

1.45 

1.45 

1.5 

1.5 

1.5 

1.8 

2.45 

1.6 

1.45 

1.45 

1.5 

1.45 

1.5 

1.8 

2.45 

1.55 

1.45 

1.45 

1.5 

1.45 

1.5 

1.8 

2.45 

1.55 

1.45 

1.45 

1.5 

1.48 

1.5 

1.8 

2.42 

1.55 

1.45 

1.45 

1.5 

1.5 

1.45 

1.82 

2.38 

1.55 

1.45 

1.45 

1.5 

1.5 

1.5 

1.85 

2.35 

1.55 

1.45 

1.45 

1.5 

1.5 

1.5 

1.8 

2.5 

1.5 

1.45 

1.45 

1.5 

1.5 

1.5 

1.8 

2.5 

1.5 

1.45 

1.45 

1.5 

1.5 

1.5 

1.8 

2.45 

1.5 

1.45 

1.45 

1.5 

1.5 

1.5 

1.82 

2.4 

1.5 

1.45 

1.45 

1.5 

1.45 

1.5 

1.85 

2.37 

1.5 

1.45 

1.45 

1.5 

1.5 

1.5 

1.9 

2.27 

1.5 

1.45 

1.45 

1.5 

1.5 

1.5 

1.9 

2.25 

1.5 

1.45 

1.45 

1.5 

1.5 

1.6 

1.9 

2.25 

1.5 

1.45 

1.45 

1.5 

1.5 

1.5 

1.9 

2.25 

1.5 

1.45 

1.45 

1.5 

1.45 

1.6 

1.85 

2.25 

1.6 

1.45 

1.45 

1.5 

1.48 

1.45 

1.85 

2.25 

1.45 

1.45 

1.45 

1.5 

1.5 

1.45 

1.85 

2.25 

1.45 

1.45 

1.45 

1.5 

1.5 

1.45 

1.8 

2.25 

1.45 

1.45 

1.45 

1.5 

1.5 

1.45 

1.8 

2.62 

1.45 

1.45 

1.45 

1.65 

1.5 

1.45 

1.8 

1.82 

1.45 

1.45 

1.5 

1.5 

1.5 

1.55 

1.75 

2.25 

1.45 

1.45 

1.65 

1.5 

1.5 

1.5 

1.8 

1.7 

1.45 

1.45 

1.6 

1.5 

1.5 

1.5 

1.85 

1.72 

1.45 

1.45 

1.5 

1.55 

1.5 

1.5 

1.85 

1.6 

1.45 

1.45 

1.5 

1.55 

1.6 

1.5 

1.85 

1.45 

i.« 

1.5 



1.45 

PAXOUSE  RIVER  AT  ELBKRTON,  WASH. 

This  station  was  established  May  6,  1904,  by  W.  G.  Steward,  and  was  discontinued  Sep- 
tember 30, 1905,  owing  to  changes  in  the  dam  near  by.  It  is  located  at  the  highway  bridge 
about  one-half  mile  above  the  depot  in  Elberton,  Wash. 

The  west  channel  is  straight  for  about  1 ,500  feet  above  and  below  the  station.  The  cur- 
rent is  swift.  The  east  channel  leaves  the  main  (west)  channel  about  150  feet  above  the 
station  and  makes  a  reverse  curve,  striking  the  bridge  at  an  angle  of  about  30°.  The  east 
channel  is  straight  for  300  feet  below  and  curved  above  the  station.  At  high  water  the 
current  is  swift;  at  low  water  there  is  no  flow  in  this  channel.  The  right  bank  is  high 
and  not  liable  to  overflow  except  in  case  of  extreme  high  water,  in  which  case  the  town 
would  be  flooded.  The  left  bank  is  low  and  overflows  during  high  water  along  the  roadway 
to  the  east  of  the  east  channel.  The  bed  of  the  stream  is  composed  of  rock  and  gravel,  is 
free  from  vegetation,  and  is  shifting.  All  the  water  flows  in  one  channel  at  low  and  in  two 
at  high  stages. 

Disehaige  measurements  are  made  for  the  west  channel  from  the  upstream  side  of  the 
bridge.  For  the  east  channel  measurements  are  made  from  the  downstream  side  of  the 
bridge.  The  initial  point  for  the  west  channel  is  a  point  on  the  guard  rail  immediately 
above  the  face  of  the  left  abutment.  The  initial  point  for  the  east  channel  is  the  left  end 
of  the  downstream  hand  rail.  Both  initial  points  are  marked  zero  with  nf^ils  <ind  black 
paint. 
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STREAM    MEASUREMENTS    IN    1905,   PART    XIV. 


A  staff  gage  is  fastened  vertically  to  the  south  end  of  the  face  of  the  left  abutment  of  the 
bridge.  During  1905  the  gage  was  read  once  each  day  by  W.  B.  Peoples.  Bench  niark^ 
were  established  as  follows:  (1)  A  20-penny  nail  in  a  lai^  white  post  on  the  south  ddp  (f 
the  railroad  track,  about  one-fourth  mile  east  of  the  depot;  elevation,  2,198.05  feet  above 
sea  level  and  5.80  feet  above  the  datum  of  the  gage.  (2)  A  square  black-paint  mark  on  the 
southeast  window  sill  of  the  hotel;  elevation,  2^3.91  feet  above  sea  level  and  11.66  fpt! 
above  the  datum  of  the  gage.  (3)  The  head  of  a  rivet  in  the  base  of  the  bridge  tni#  i.[ 
the  southwest  comer  of  the  bridge,  painted  "U.  S.  G.  S."  on  the  plate;  elevation,  2,206.01 
feet  above  sea  level  and  13.76  feet  above  the  datum  of  the  gage. 

May  24,  1905,  a  dist^harge  measurement  made  at  this  station  by  W.  J.  lightfoot  gav? 
the  following  results:  Width,  68  feet;  area  of  section,  116  square  feet;  mean  velocity,  1.98 
feet  per  second;  gage  height,  2.3  feet;  discharge,  224  second-feet. 

A  description  of  this  station,  with  gage  heights,  discharge  data, and  rating  table,  is  con- 
tained in  Water-Supply  Paper  No.  135,  United  States  Geological  Survey,  pages  240-243. 

Daily  gage  height,  in  feet,  of  Palome  River  at  Elherton,  Wash.,  for  1905. 


Day. 

2 

3 1 

4 ' 

5 ' 

6 

8 ' 

9 1 

10 

•1 1 

12 ! 

- I 

14 1 

15 1 

16 1 

17 ' 

18 1 

19 1 

20 1 

21 1 

22 

2:i 

24 1 

z^ ; 

26 

27 

28 1 

29 1 

*■•- • I 

31 


Note.— Sudden  changes  are  due  to  flow  being  controlled  by  dam. 


an. 

F*-b. 
1.8 

Mar. 
2.0 

Apr. 
2.3 

May.   1 
2.0  1 

June. 
2.2 

July. 
1.6 

Aug. 

sept. 

1.7 

as 

0: 

1.9 

8 

2.2 

2.10 

1.9 

2.0 

1.6 

1.0 

.7 

1.8 

8 

2.0 

2.0 

2.0 

1.5 

1.6 

» 

,7 

1.7 

8 

1.9 

2.5 

2.0 

2.3 

1.4 

s 

.7 

1.6 

8 

2.7 

2.2 

1.9 

ao 

1.1 

8 

.7 

2.0 

8 

1.7 

2.0 

1.4 

2.7 

1.1 

8 

.7 

1.9 

9 

2.6 

1.7 

1.3 

as 

2.1 

7 

•' 

1.7 

8 

2.0 

2.4 

1.9  1 

ao 

1.3 

7 

1.7 

8 

1.8 

2.3 

1.4' 

2.9 

1.5 

7 

.7 

1.7 

7 

2.0 

2.3 

1.9 

2.6 

1.3 

1 

2 

.7 

1.7 

6 

2.6 

2.3 

1.4 

2.4 

1.1 

9 

1.7 

1 

6 

1.7 

2.3 

2.2  i 

2.3 

1.4 

7 

.7 

1.6 

6 

1.7 

2.4 

2.5 

2.2 

1.1 

8 

1.6 

6 

2.0 

2.0 

2.0  ' 

2.0 

.9 

7 

.7 

1.6 

6 

1.7 

1.7 

2.0 

2.0 

1.2 

7 

* 

1.7 

6 

1.7 

2.5 

2.0 

1.9 

1.0 

7 

> 

1.6 

6 

1.8 

1.7 

2.0, 

1.3 

1.0 

7 

.fc 

1.5 

1 

6 

2.7 

1.8 

2.0 

1.6 

1.4 

1 

0 

.* 

1.7 

6 

1.9 

2.4 

1.5  1 

1.2 

1.1 

8 

.y 

1.7 

6 

1.7 

3.5 

2.3 

2.15 

1.0 

5 

.^ 

1.6 

6 

3.3 

3.6 

2.0  ' 

L8 

1.1 

7 

.^ 

1.6 

8 

1.6 

2.0 

2.2  1 

1.2 

1.1 

7 

,v 

1.7 

8 

2.6 

2.4 

2.3 

1.2 

.8 

7 

i.j 

1.9 

8 

1.8 

2.0 

2.3  ' 

1.6 

1.2 

7 

M 

1.8 

8 

a7 

3.7 

2.9  1 

1.1 

1.0 

6 

1.4 

1.8 

2 

0 

2.9 

2.3 

3.3 

1.2 

1.3 

6 

H 

1.9 

2 

2 

a7 

2.4 

2.9 

1.8 

1.1 

« 

1.3 

1.9 

2 

0 

2.7 

2.2 

1.8 

2.0 

1.1 

1 

1 

I  J 

1.9 

3.0 

2.0 

2.8  1 

1.8 

.9 

9 

l.c 

2.0 

2.5 
2.4 

2.0 

1 
2.5 

2.6  1 

i 

1.7 

.9 
.9 

9 

8 

pl 

2.0 

... 
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PALOUSE  RIVER  AT  HOOPER,  WASH. 

The  headwater  tributaries  of  this  river  have  their  sources  in  western  Idaho.  After  reach- 
ing Washington  they  unite  to  form  Palouse  River,  which  flows  in  a  general  southwesterly 
direction  through  a  rolling  country.  Six  miles  below  Hooper,  Wash.,  the  river  .bends  sud- 
denly to  the  south  and  enters  its  canyon,  through  which  it  flows  to  its  junction  with  Snake 
River.  For  some  distance  above  Hooper  the  river  consists  of  a  succession  of  pools  from  10 
to  15  feet  in  depth,  connected  by  short  riflfles.  Its  valley  is  about  one-half  mile  in  width 
and  bordered  with  basaltic  cliffs  approximately  300  feet  in  height.  A  short  distance  above 
the  mouth  of  the  river  are  the  Palouse  Falls,  which  are  approximately  130  feet  in  height. 

The  measurements  of  Palouse  River  are  of  value  in  showing  the  amount  of  water  that 
could  be  utilized  for  irrigation  on  lands  of  Washtucna  Valley  and  in  the  section  north  of 
Pasco. 

The  gaging  station  at  Hooper,  Wash.,  was  originally  established  April  1,  1897,  by  the 
land  department  of  the  Northern  Pacific  Railway.  The  United  States  Geological  Survey 
assumed  charge  September  9,  1897,  and  moved  the  station  about  1  mile  downstream. 

The  channel  is  straight  for  200  feet  above  and  one-fourth  of  a  mile  below  the  cable.  The 
current  is  swift.  The  left  bank  is  high  and  can  not  overflow.  The  right  bank  overflows 
during  high  stages  of  the  river.  Both  banks  are  covered  with  brush.  The  bed  of  the 
stream  is  rocky  and  free  from  vegetation,  but  bowlders  in  the  bed  make  it  difficult  to  obtain 
accurate  results  at  this  point  at  low  water.     There  is  but  one  channel  at  all  stages. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  wire. 
The  initial  point  for  soundings  is  the  cable  post  on  the  left  bank. 

Owing  to  various  conditions  it  has  been  necessary  to  use  several  gages,  all  having  the  same 
datum.  The  present  gage,  known  as  gage  No.  4,  is  in  two  sections.  The  lower  section  is 
inclined,  the  upper  is  vertical.  During  1905  the  gage  was  read  once  each  day  by  Frank  Hill. 
Bench  marks  were  established  as  follows:  (1)  The  highest  point  on  a  ledge  of  rock  on  the 
left  bank  200  feet  below  the  cable;  elevation,  7.60  feet.  (2)  The  top  of  a  large  rock  on  the 
right  bank  250  feet  west  of  the  cable  post  and  115  feet  from  the  water's  edge;  elevation, 
10.88  feet.     Elevations  refer  to  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  of  the 
United  States  Geological  Survey  (Ann=Annual  Report;  WS=Water-Supply  PapiT): 

Description:  WS16,pl72;  28,  p  155;  38,  pp  360-361;  51,  p  443;  66,  p  136;  85,  pp  203-204;  100,  pp  413-414; 
135,  pp  24^244. 

Discharge:  Ann  19,  iv,  p  460;  WS  16,  p  172;  28,  p  168;  51,  p  444;  85,  p  204;  100,  p  414;  135,  p  245. 

Discharge,  monthly;  Ann  20,  iv,  pp  489,  514;  21,  iv,  p  414;  22,  iv,  p  452;  WS  75,  p  206;  85,  p  205;  135. 
p.  247. 

Discharge,  yearly:  Ann  20,  iv,  p  62. 

Gage  heights:  WS16,pl72;  28,  p  162;  38,  p  361;  51,  p  444;  66,  p  137;  85,  p  204;  100,  p  415;  135,  pp  245-246, 

Hydrographt:  Ann  20,  iv,  p  490;  21,  iv,  p  416;  22,  iv,  p  452. 

Ramlall  and  run-oflf  relation:  Ann  20,  iv,  p  514. 

Rating  tables.  WS  28,  p  170;  39,  p  454;  52,  p  522;  66,  p  177;  85,  p  205;  135,  p  246. 


Discharge  measurements  of  Palouse  Rii^er  at  Hooper,  Wash.,  in  1905. 


Date. 


Hydrographer. 


I  Width  I  Area  of  |     Mean         Gage     !      Dis- 
''    I  section,    velocity,  f   heigiit.      charge. 


Mayl8 1  W.  J.  Lightfoot. 

November  23. .    W.  C.  Sawyer. . . 


Feet. 
J         84 

.1  66 


Square- 
feet 

153 

74 


Feet  per 
second 


Second- 
Feet,         feet. 

1. 72  '  2. 30  I  264 

.74  I  1.13  I  55 
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Daily  g<ig^  height,  in  feet,  of  Palouse  River  at  Hooper,  Wash.,  for  19()5. 


Day. 


I  Jan.  '  Feb.  |  Mar.  '  Apr.     May.  '  June.    July.  |  Aug.     Sept.     Oct. 


1 1.6 

2 2.0 

3 1.75 

4 '  1.7 

5 2.05 

6 1.75 

7 1.5 

8 '  1.5 

9 '  1.5 

10 1.  45 

II 1.4 

12 1.4 

13 1.4 

14 '  1.4 

15 1.3 

16 1.3 

17 1.45 

IS 1.5 

VJ 1.5 

20 1.5 

21 1.5 

22 1.5 

23 1.6 

24 2  45 

25 3.45 

2t> 3.0 

27 2.75 

2H 2.7 

29 2.H5 

30 '  2.8 

31 2.7 


2.55 

ao 

2.2 
2.7 
2.45 
2.3 

.  2.3 
2.2 
2.1 
2.05 

o3. 1 
1.8 
1.8 
1.95 
1.9 
l.a*) 
1.9 
1.95 
1.9 
2.0 
1.95 
1.95 
2.05 
2.  15 
2.45 
2.4 
2.4 
2.45 


2.5 

2.5 

2.45 

2.4 

2.3 

2.15 

2.55 

2.2.5 

2.6.5 

2.5 

2.3 

2.3 

2.55 

2.1 

2.4 

2.15 

2.45 

2.1 

2.05 

2.6 

2.35 

2.8 

2.8 

2.5 

2.6 

2.75 

3.3 

4.2 

4.2 

4.1 

a7 


3.8 

as 

3.4 

2.85 

3.1 

2.9 

2.65 

2.6 

2.65 

2.8 

2.6 

2.55 

2.55  j 

2.5    I 

2.5  ' 
2.2    ' 
2.15  I 
2.55  I 
2.2.5  j 
2.35  I 
2.6.5  ' 
2.95 
2.95 
3.  75 
:i3    \ 
3.2 
3.2 

2.6  ' 
2.5  \ 
2.45  I 


2.4 

2.3 

2.3 

2.3 

2.23 

2.2 

2.1 

2.0 

1.85 

2.10 

2.0 

2.1 

2.05 

2.6 

3.0 

2.6 

ai 

2.3 
2.95 
2.2 
1.9 
2.3 
2.95  ' 
2.35  I 
2.45  I 
2.5     I 

a  45 
a  25  ' 

a  25  I 


2.75 
2.45 

2.6  , 
2.4 
2.0 
2.55 

ao 

a  75  \ 
a35  ' 

ai   I 

2.85 

2.7  ' 

2.5  j 
2.35  I 
2.3  ' 
2.15  I 
2.05 
2.0  I 
1.75; 
1.95  I 
1.70  ! 
1.55  ' 
2.a5  i 
1.70  I 

1.6  ; 

2. 15 

1.8  ' 
1.65 
2.0 

1.7  ; 


1.85 
1.85 
1.8 
1.75 
1.6 
1.55 
1.45 
1.35 
1.35 
1.4 
1.4 
1.3 
1.25 
1.2 
1.2 
1.2 
1.2 
1.15 
1.15 
1.15 
l.l 
1.1 
1.1 
1.05 
1.05 
1.0 
1.9 
.85 
.85 
.85 
.85 


0.85 
.85 
.85 
.8 


1 


.8  I 
.8  I 
.8 

.75  ' 
.75  I 
.75  I 
.75  ' 
.75 
.75 
.75 
.75  \ 
.75  1 
.75 
.7 
.7 
.7 
.7 
.7 
.7 

.7  ! 
.65  ' 

.«; 

.65  I 


a65 
.65 
.65 

65 

6 

6 

6 

6 

6    ' 

6 

6 

6 


65 


as 

.d5 
1.0 
1.0 
1.0 
1.4 
1.3 
1.6 
1.7 
1.5 
1.5 
1.45 
1.3 
1.4 
1.4 
1.4 
1.35 
1.35 
1.3 
1.3 
1.3 
1.7 
1.5 
1.4 
1.3 
1.2 
12 
1.5 
1.65 
1.4 
1.35 


Nov.     D«c- 


1.3 

1.1 

1.35 

1-3 

1.4 

1.65 

1.55 

1.45 

1.35  I 

1.2 

1.2  I 

1.3  I 
1.2  I 
1.2  I 
1.2 

1.4  ' 
1.5 
1.4 
1.35 
1.3 
1.25 
1.2     1 
1.1 
1.25 
1.35  ' 
1.3S  I 
1.25  , 
1.2 
1.35  ' 
1.4    I 


L45 

2.35 

l.i*. 

1  f»" 

1.45 

l.» 

L7 

1.6 

2.0 

1.73 

1.55 

1.45 

1.4 

1.4 

1.5 

1.5 

1.6 

1.75 

1.65 

1.8 

1.75 

1.75 

]> 
1.95 
l.» 
20 
1.7 
1.5 
1.6 
1.5 


o  Backwater  from  ice  gorge. 
Station  rating  table  for  Palouse  River  at  Hooper,  Wash.,  from  January  1  to  December  31, 1905' 


(J  ago 
height. 

Di.Hchargc. 

dago 
height. 

I)l^^cha^go. 

Ctago 
height. 

Discharge. 

Ffft. 

Sfcond-ffft. 

Fcft. 

Second-feet. 

Feet. 

Second-feet 

0.60 

19 

1.60 

1             116 

2.50 

1             296 

0.70 

24 

1.70 

1             132 

2.60 

1             320 

0.80 

30 

1.80 

'             150 

2.70 

1              344 

0.90 

36 

1.90 

1              168 

2.80 

1              370 

1.00 

^< 

2.00 

188 

2.90 

1              396 

1.10 

52 

2.10 

1              208 

a  00 

1              424 

1.20 

62 

2.20 

1              228 

a  10 

452 

1.30 

74 

2.30 

1              250 

a  20 

480 

1.40 

88 

2.40 

'              272 

a  30 

I              510 

1.50 

102 

1 

1 

Gage 
height. 


Feet. 

a40    1 

a50    1 

a  60  1 

a  70  , 

a  80 

a90  1 

4.00  1 

4.10  1 

4.20  ' 

1 

Disebarg*. ' 

Second-feet) 
540 
570 
602 
634 
666 
700 
734 
766 
802 


The  above  table  is  applicable  only  for  open-channel  conditions, 
urements  made  during  1904-5.     It  is  not  well  defined. 


it  IS  based  on  dischaige  meas- 
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Estimated  monthly  discharge  ofPalouse  River  at  Hooper ^  W ash.  ^  for  1906. 
[Drainage  area,  2,210  square  miles. J 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


555 
424 
802 
666 
555 
650 
159 
33 
27 
132 
124 
261 


Minimum. 


74 

150 
198 
218 
159 
109 
33 
22 
19 
30 
52 


19 


Mean. 


181 

225 

348 

380 

294 

258 
7a  9 
27.2 
22.2 
82.2 
76.9 

126 


175 


Total  in 
acre-foet. 


11,130 
12,500 
21,400 
22,610 
18,080 
15,350 
4,544 
1,672 
1,321 
5,054 
4,576 
7,747 


126,000 


Runoff. 


Second-leet 

per  square 

mile. 


0.062 
.102 
.157 
.172 
.133 
.117 
.033 
.012 
.010 
.037 
.035 
.057 


.079 


Depth  in 
inches. 


0.094 
.106 
.181 
.192 
.153 
.130 
.038 
.014 
.Oil 
.043 
.039 
.066 


1.07 


Note.— Owing  to  backwater  February  11,  the  discharge  was  interpolated  between  the  discharges  for 
February  10  and  12. 

ROCK   CREEK   NEAR   ST.  JOHN,  WASH. 

This  station  was  established  October  15, 1903,  by  G.  H.  Bliss,  and  discontinued  Septem- 
ber 30,  1905.  It  is  located  at  the  highway  bridge  which  crosses  Rock  Creek  at  the  outlet 
of  Rock  Lake,  three-fourths  of  a  mile  from  the  ranch  of  the  observer,  C.  K.  Reimer.  It  is 
9  miles  northeast  of  St.  John,  Whitman  County,  Wash. 

The  channel  is  straight  for  200  feet  above  and  75  feet  below  the  station.  The  current 
is  sluggish  at  the  bridge  at  low  stages.  Both  banks  are  low  and  rocky  and  liable  to  overflow 
at  flood  stages.  The  bed  of  the  stream  is  covered  with  rocks  and  gravel  and  is  liable  to 
shift  at  flood  stages. 

At  high  stages  discharge  measurements  are  made  from  the  downstream  side  of  the 
highway  bridge.  At  low  stages  they  are  made  by  wading  below  the  bridge.  The  bridge 
is  supported  by  pile  benta  and  has  a  total  span  of  210  feet.  The  initial  point  for  soundings 
is  the  end  post  of  the  downstream  handrail. 

TTie  gage  is  a  vertical  rod  fastened  to  the  fifth  pile  bent  of  the  southeast  (left)  bank 
approach.  Bench  marks  were  established  as  follows:  (1)  A  spike  driven  into  the  down- 
stream side  of  the  top  of  the  sill  of  the  third  pile  bent  from  the  left-bank  approach;  ele- 
vation, 12.52  feet.  (2)  The  top  of  a  large  rock  on  a  point  of  rocks  on  the  southeast  side 
of  the  lake  about  3,000  feet  above  the  outlet;  elevation,  16.70  feet.  Elevations  refer  to 
the  datum  of  the  gage. 

May  20,  1905,  a  discharge  measurement  made  at  this  station  by  W.  J.  Lightfoot  gave 
the  following  results:  Width,  111  feet;  area  of  section,  76  square  feet;  mean  velocity,  0.29 
foot  per  second;  gage  height,  10.8  feet;  discharge,  22  second-feet. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey. 

Description:  100,  pp  416-416;  135,  pp  247-248. 
Discbarge:  100,  p  416;  135,  p  248. 
Discharge,  monthly:  135,  p  249. 
Gage  heights:  100,  p  416;  135,  p  248. 
Rating  toble:  135,  p  249. 
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Daily  gage  height,  in  feet,  of  Rock  Creek  near  St  John,  Wash.,  for  1905. 


Day. 

Jan. 

! 

10.54  j 

Feb. 
12.05 

Mar. 
11.42 

Apr. 

May. 

June. 

July. 

AC.. 

Sept. 

1 

11.38 

11.18 

10.8 

10.73 

10.34 

f.* 

2 

10.6 

11.95  1 

11.42 

11.38 

11.18 

10.8 

10.72 

10.32 

».*• 

3 

10.6 

11.95 

11.4 

11.38 

11.16 

10.85 

10.7 

10.3 

9* 

4 

10.62 

11.95 

11.4 

11.38 

11.16 

10.85 

10.7 

10.28 

».(* 

5 

10.62  ' 

11.9    ' 

11.4 

11.38 

11.16 

10.85 

10.68 

10.26 

9.rf 

6 

10.65 

11.85 

11.4 

11.38 

11.16 

10.85 

10.68 

10.24 

9.» 

10.65  ' 
10.65  1 

11.8    ! 
11.75  j 

11.38 
11.38 

11.38 
11.38 

11.14 
11.14 

10.85 
10.82 

10.65 
10.65 

10.22  . 
10.2    1 

9.M 

8 

9.M 

9 

10.68  1 

11.75  1 

11.38 

11.35 

11.12 

10.82 

10.62 

10.18 

9.fi 

10 

10.68 

11.75  1 

11.38 

11.35 

11.12 

10.8 

10.62 

10.16 

9.« 

11 

10.68 

11.7    1 

11.38 

11.33 

ll.l 

10.8 

10.6 

10.14 

9.k; 

12 

10.68 

11.65  , 

11.35 

11.32 

11.1 

10.8 

10.6 

10.12 

»« 

13 

10.68 

11.6 

11.35 

11.3 

11.08 

10.8 

10.58 

10.1 

9.** 

U 

10.7    1 

11.55  ' 

11.3 

11.3 

11.06 

10.78 

10.55 

10.1 

IM 

15 

10.7    1 

11.5    ' 

11.3 

11.28 

11.04 

10.78 

10.52 

10.08  1 

9.«C 

16 

10.7 

11.46 

11.28 

11.28 

11.0 

10.75 

10.5 

10.08 

9.«C 

17 

10.7 

11.4     , 

11.25 

11.28 

11.0 

10.75 

10.5 

10.06 

9.* 

18 

10.7 

11.4     1 

11.25 

11.27 

10.95 

10.75 

10.5 

10.06 

9.? 

19 

10.7 

11.4 

11.25 

11.25 

10.9 

10.72 

10.5 

10.05 

9.8 

20...., 

10.7 

11.4     ' 

11.25 

11.25 

10.85 

10.72 

10.48 

10.04 

9.8 

21 

10.7 

11.4    ' 

11.25 

11.23 

10.8 

10.72 

10.48 

10.02 

9.^ 

22 

10.7 

11.4    ' 

J1.25 

11.23 

10.8 

10.7 

10.48 

10.02 

9.> 

23 

10.85  1 

11.4    ' 

11.25 

11.22 

10.8 

10.7 

10.45 

lao 

9.> 

24 

11.  a5 1 

11.4    1 

11.3 

11.22 

10.8 

10.7 

10.45 

10.0 

9.> 

25 

12.0    ! 

11.42  1 

11.35 

11.2 

10.8 

10.8 

10.45 

10.0 

9.:*. 

26 

12. 12 

11.42  1 

11.35 

11.2 

10.8 

10.8 

10.42 

9.96 

9.:^ 

27 

12. 18  1 

11.45  1 

11.38 

11.2 

10.8 

10.78 

10.42 

9.98 

%,:b 

28 

12.2    , 
12.2    ^ 
12.2    I 

11.45 

11.4 
11.4 
11.4 

11.18 
11.18 
11.18 

10.8 
10.8 
10.8 

10.75 
10.75 
10.74 

10.4 

10.38 

10.38 

9.96 
9.94, 
9.92  ! 

9.:h 

29 

9.7*5 
9.7* 

30 

31 

12. 15 

11.38 

10.8 

10.36 

9.92 

Station  rating  table  for  Rock  Creek  near  St.  John,  Wash.,  from  October  15, 190S,  to  Deermhfr 

31,  1905. 


Oage 
height. 

Feel. 
10.00 
10.10 
10.20 
10.30 
10.40 
10.50 


I  Discharge. 

Second-feet. 

'  0.0    ; 

I  .5    I 

i  1.5    . 

3        I 


Gage 
height. 

Feel. 
10.60 
10.70 
10.80 
10.90 
11.00 
11.10 


Discharge.'  ^^«^«     |  Discharge. ,,  i^^.^^     '  Discharge.  | 


Second-feet. 

\  14 

I  19    ' 

i  ""  ' 

I  32 

I  40 

I  49 


Feet. 
11.20 
11.30 
11.40 
11.. W 
11.60 
11.70 


\Second-feet. 
50 


94 
107 
120 


Feet. 
11.80 
11.90 
12.00 
12.10 
12.20 
14.00 


Second-feet. 

134  I 

149  I 
165 

183  I 

203  j 

940  i 


Thf*  al>ove  table  is  applicahir  only  for  open-channel  conditions, 
urenjents  made  during  llMU-lnOo.    It  is  well  defined. 


It  is  based  on  eight  diacbaigc  maa- 
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EsHnuU^  monthly  discharge  of  Rock  Creek  near  St.  John,  Wash.,  for  1905. 


175 


Month. 


January. . . 
February . . 

March 

.\pril 

May 

June 

July 

August 

September. 


The  period. 


Discharge  in  second-feet. 
Maximum.   Minimum.      Mean. 


203 
174 
84 
80 
W 
28 
20 
4 
0 


60.2 
110 
75.2 
G9.0 
39.6 
23.7 
11.8 
.89 
.00 


Total  in 
acre-feet. 


3,640 

6,109 

4,624 

4,106 

2,435 

1,410 

726 

55 

0 


23,100 


COW  CREEK  NEAR  KEYSTONE,  WASH. 

This  station  was  established  November  10,  1904,  by  Calvin  Casteel,  and  discontinued 
September  30,  1905.  It  is  located  at  tlie  highway  bridge  on  the  Sprague-Ritzville  road 
crossing  of  Cow  Creek,  2\  miles  east  of  Keystone,  Wash.,  and  one-fourth  mile  southeast  of 
Lakeview  schoolhouse.    The  station  Is  a  short  distance  below  the  foot  of  Colville  Lake. 

The  channel  b  straight  for  about  200  feet  above  and  100  feet  below  the  station.  The 
current  above  the  station  is  moderate  at  ordinary  and  sluggish  at  low  stages;  below  the 
station  it  is  swift  at  all  stages.  Both  banks  are  high,  clean,  and  not  liable  to  overflow. 
The  bed  of  the  stream  Is  composed  of  rock  and  gravel  and  is  permanent.  There  is  but 
one  channel  at  all  stages. 

Discharge  measurements  are  made  from  the  upstream  side  of  the  single-span  bridge. 
The  bridge  is  18.6  feet  long  between  abutments.  The  initial  point  for  soundings  is  a  nail 
driven  into  the  end  of  a  plank  on  the  deck  of  the  bridge  above  the  edge  of  the  abutment. 

A  staff  gage  is  fastened  vertically  to  a  post  of  the  bridge  at  the  upper  left  end.  During 
1905  the  gi^e  was  read  once  each  day  by  S.  A.  Fulquartz.  The  bench  mark  Is  a  United 
States  Geological  Survey  standard  aluminum  tablet  sot  in  a  large  bowlder,  125  feet  up 
Cow  Creek  from  the  Sprague-Ritzville  road  Crossing,  on  the  right  bank;  elevation,  1,883.15 
feet  above  sea  level  and  4.19  feet  above  the  datum  of  the  gage. 

May  15,  1905,  a  discharge  measurement  made  at  thus  station  by  W.  J.  Lightfoot  gave 
the  following  results:  Width,  18.6  feet;  area  of  section,  12  square  feet;  mean  velocity, 
1.08  feet  per  second;  gage  height,  0.90  foot;  discharge,  13  second-feet. 

A  description  of  this  station,  with  gage  heights  and  discharge  data,  is  contained  in  Water- 
Supply  Paper  No.  135,  United  States  Geological  Survey,  page  250. 

Daily  gage  height,  in  feet,  of  Cow  Creek  near  Keystone,  Wash.,  for  1005. 


Day. 

Jan. 

0.87 

.88 
.88 
.87 
.88 
.89 
.89 
.88 
.88 
.90 
.94 
.98 
.98 

Feb.  ! 

1.25  1 

1.18  ' 

1.13  1 

1.09  1 

1.08  1 

l.Of)  J 

1.05 

1.12 

1.15 

1.2 

1.22 

1 
1.1 

1.0    1 

Mar. 

1.00 
1.06 
1.06 
1.06 
1.06 
\.Q^ 
1.05 
1.05 
1.05 
1.06 
1.07 
1.09 
1.1 

Apr. 

May. 

0.9 
.9 
.89 

.89 

.87 
.87 
.8S 
.87 
.87 
.88 
.88 
.89 
.89 

June. 

_ 

0.76 
.74 

.78 

.79 

.8 

.81 

.82 

.82 

.81 

.81 

.79 

.75 

.7 

July. 
0.6.5 

:r 

.57 

.55 
.54 
.52 

.51 
.5 
.5 

.48 
.45 
.42 

Jigitized  b 

Aug.  1 

Sept. 

\ 

1.01 
1.01 
1.0 
.99 
.98 
.98 
.97 
.97 
.90 
.95 
.95 
.9 
.9 

0.27  1 
.26 
.25  ' 

.24  1 
.24  1 
.21  1 

:;7' 

.14! 
.12  1 
.10  1 
.04', 
^02  1 

0.0 
.0 

3 

.0 

4 

.0 

5 

.0 

6 

.0 

.0 

8 

.0 

9 

10 

.0 
.0 

11 

.0 

12 

.0 

13 

0 

Qle 
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Daily  gage  Tieightf  in  feet,  of  Cow  Cruk  near  Keystone,  Wash.,  for  1905 — Contioued 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

.<ug. 

BepL 

14 

0.98 

.98 

.9 

.88 

.88 

.89 

.9 

.91 

.9 

.89 

.80 

.95 

1.0 

1.07 

1.08 

1.06 

1.04 

1.25 

1.02 
1.01 
1.0 
.98 
.98 
.99 
1.01 
1.02 
1.04 
1.07 
1.07 
1.08 
1.07 
1.06 
1.06 

1.08 

1.05 

1.02 

1.0 

.99 

.99 

.98 

.98 

.99 

.99 

.98 

.98 

.99 

1.0 

1.0 

1.01 

l.Ol 

1.0 

0.91 
.92 
.94 
.96 
.97 
.97 
.97 
.96 
.96 
.97 
.97 
.98 
.97 
.96 
.97 
.98 
.9 

0.89 
.88 
.88 
.88 
.87 
.87 
.87 
.84 
.8 
.79 
.79 
.8 
.79 
.78 
.78 
.77 
.77 
.76 

0.66 
.66 
.67 
.67 
.66 
.66 
.67 
.66 
.67 
.68 
.7 
.68 
.67 
.67 
.66 
.65 
.65 

0.41 
.4 
.4 
.30 
.39 
.38 
.37 
.37 
.36 
.35 
.32 
.32 
.3 
.31 
.32 
.33 
.31 
.29 

aoi 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

ao 

15 

.0 

16 

.0 

17 

.0 

18 

.0 

13 

20 

21 

22 

23..     .                .         . 

24 

25 

26.   .           .              

27 

28 

29 

30 

31 

WAIvIvA  WAIvLA  RIVER  DRAINAGE  BASIN. 
DESCRIPTION  OF  BASIK. 

Walla  Walla  River,  the  drainage  basin  of  which  is  one  of  the  best  irrigated  and  most 
prodoctive  localities  in  either  Washington  or  Oregon,  enters  Columbia  River  from  the 
east  near  the  town  of  Wallula,  Wash. 

SOVTH  FORK  OF  WALLA  WALLA  RIVER  NEAR  MILTON,  OREG. 

This  station  was  originally  established  February  15,  1903,  6  miles  above  the  mouth  of 
the  river  and  12  miles  from  Milton,  Oreg.  The  gage  was  read  once  each  day  from  tbf 
date  of  establishment  to  October  31,  1903,  by  N.  Redden.  As  there  were  no  means  for 
making  flood  measurements  at  this  point,  the  station  was  moved  to  the  highway  bridge 
one-fourth  mile  above  the  junction  of  North  and  South  forks,  6  miles  from  Milton. 

The  channel  is  straight  for  100  feet  above  and  150  feet  below  the  bridge.  The  current 
Ls  swift.  The  right  bank  is  low,  wooded,  and  liable  to  overflow.  The  left  bank  is  low,  but 
is  not  liable  to  overflow,  and  is  without  trees.  The  bed  of  the  stream  is  composed  of  grtTei, 
is  free  from  vegetation,  and  is  not  liable  to  shift  to  any  considerable  extent. 

Discharge  measurements  are  made  from  the  upstream  side  of  the  single-span  highwaf 
bridge  one-fourth  mile  above  the  mouth  of  South  Fork.  The  initial  point  for  soundings  is 
the  south  side  of  a  projecting  beam  which  supports  the  north  end  of  the  lower  chord  of 
the  bridge.    The  bridge  has  a  span  of  65  feet  between  abutments. 

The  gage  is  a  vertical  timber,  secured  to  a  stump  on  the  right  bank  three-fourths  of  * 
mile  above  the  highway  bridge  and  directly  back  of  the  house  of  the  observer,  Ham 
Hul)er,  who,  during  1905,  read  the  gage  once  each  day.  Bench  marks  were  establishrd 
as  follows:  (1)  A  20-penny  nail  driven  into  a  cottonwood  tree  1  foot  in  diameter  15  f«*t 
above  the  gage  rod;  elevation,  7.00  feet.  (2)  A  20-penny  nail  driven  into  the  tree  to  which 
the  gage  is  attached;  elevation,  7.00  feet.     Elevations  refer  to  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Pipers 
of  United  States  OeologicAl  Survey: 

Description:  100,  p  371;  135,  pp  251-252. 
Discharge:  100,  p  372;  135,  p  252. 
Discharge,  monthly:  135.  p  253. 
Gage  heights:  100.  pp  .172-373;  135,  pp  252-25:t. 
Rating  table:  135,  p  253. 
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DiseKarge  meaguremenis  of  Soulh  Fork  of  Walla  Walla  River  near  Milton,  Oreg.,  for  1905, 


Date. 


Hydrographer. 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Feet. 

Square 

Feet  per 
second. 

Feet. 

40 

30 

5.11 

1.51 

47 

49 

.    3.94 

1.67 

45 

56 

4.61 

1.78 

29 

27 

3.63 

1.48 

29 

36 

2.82 

1.50 

40 

47 

2.68 

1.66 

35 

46 

2.96 

1.65 

34 

43 

2.73 

1.60 

31 

42 

2.73 

1.48 

33 

40 

3.07 

1.65 

Dis- 
charge. 


FehniaryS... 

MBTch  18 

iiay5 

July  21 

August  12".. . 
September  14. 

<^)ctober  16<» ' do 

^Moberaoa do 

November  21 « do 

December  28« do 


W.  C.  Sawyer 

H.  A.  Yates 

J.  H.  Lewis 

W.  C.  Sawyer 

Sawyer  and  Lewis. 
P.  A.  Cupper 


Second- 
feet. 

163 

193 

270 

98 

101 

124 

136 

116 

114 

121 


o  Made  at  different  section. 
DaHy  gage  height,  in  feet,  of  South  Fork  of  WaUa  WaUa  River  near  Milton,  Oreg.,  for  1905. 


Day. 


8.. 
9-. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Jan.      Feb.  '  Mar.     Apr.     May.    June.    July.     Aug.     Sept.     Oct.     Nov.     Dec. 


L75 

L7 

L65 

L6 

L6 

1,6 

1.6 

1.55 

1.55 


1.6  I 
1.6  I 
1.6  I 
L65  j 
L55  I 
L55  I 
L55 


L55 

L55 

1.55 

1.5 

L5 

1.55 

1.55 

L55 

L55 

1.6 

1.55 

1.6 


1.5 

L7 

1.7 

L6 

L5 

1.4& 

1.45 

1.5 

1.5 

1.5 

1.5 


1.7 

1.6 

1.75 

1.65 

1.8 

1.7 

1.7 

1.75 

1.7 

L7 

1.7 

1.65 

1 

1.65 

1 

1.65 

L65 

L7 

L7 

1.65 

1.65 

1.65 

1.65 

1.6 

1.6 

1.6 

1.6 

1  6 

L65 


1.75 
1.8 
1.8 
L8 
L8 
1.8 
1.8 


L65 

1.7 

1.7 

1.7 

1.6 

L75 

1.7 

1.7 

2.15 

2.0 

2.2 

2.0 

1.95 

L85 

L75 

1.75 


1.85 

1.8 

1.75 

L76 

L75 

1.7 

1.7 

1.75 

1.75 

1.75 

2.0 

2.0 

1.95 

1.95 

1.95 

1.95 

L95 

1.95 

1.9 

1.9 

1.85 

1.8 


1.8 
1.75 
1.75 


1.8 

1.8 

1.8 

1.85 

1.85 

1.83 

L9 

1.95 

L95 

1.9 

L85 

1.8 

1.9 

1.85 

1.85 

1.8 

1.75 

1.75 

1.75 


1.75 

1.75 

L7 

L7 

1.7 

1.7 


1.7 

1.7 

1.75 

L7 

1.7 

1.7 

1.65 

1.65 

1.65 


1.6 

1.6 

L65 

1.7 

1.65 

L7 

1  7 

L7 

1.65 

1.65 

L6 

1.6 

L65 

1.7 

L7 

1.7 

1.7 

1.7 

1.7 

1.7 


1.7 

1.65 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.5 

L6 

1.5 

1.6 

L6 

1.6 

L6 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

L5 

1.6 

L5 

1.6 

1.5 

L6 


1.6 

1.6 

1.6 

1.5 

1.6 

L5 

L6 

L5 

1.5 

L5 

L5 

1.5 

1.6 

1.5 

L6 

1.5 

1.55 

L5 

1.45 

1.45 

1.55 

1.55 

1.6 

1.5 

1.55 

1.5 

1.5 

L5 

LiS5 

1.55 

1.5 


55 


L6 
L6 


1.6 
1.6 


L65 

L7 

1.65 

1.6 

1.6 

1.6 

1.6 

L6 

L6 

1.6 

1.6 

1.65 

1.6 

1.6 

1.6 


1.6 
1.5 


1.5 

1.5 

1.55 

1.55 

1.6 


L7 

1.65 

L5 


1.45 

L6 

1.5 

1.45 

L5 

1.45 

1.45 

1.6 

1.45 

1.45 

1.5 

L6 

L5 

1.5 

1.5 

1.5 

1.5 

1.5 

1,5 

1.5 

1.5 

1.6 

Lfi 

1.5 

L5 


I 


L65 

1.6 

1.7 

L66 

L65 

1.7 

L7 

1.65 

1.65 

1.6 

1.6 

1.6 

1.56 


1.6 

1.5 

L6 

1.65 

1.6 

1.6 

1.6 

1.6 

1.55 

1.55 


1.6 
1.55 
L55 
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Station  rating  table  for  South  Fork  of  Walla  Walla  River  near  Milton,  Oreg.,  from  January  1 

to  December  31,  1906. 


Gaee 
height. 

Discharge. 

,«X|Di«h.,ge.|i,«X 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 
1.50 
1.60 

Second-feet. 
106 
156 

1     Ftet. 
1        1.70 
1        1.80 

Second-feet. 
214 
276 

1     Feet. 
1        1.90 
1        2.00 

Second-feet.  1     Feet.     Seeoui^eet. 
340    1]       2.10                fiO 
412    ';        2.20    1             552 

The  above  table  is  applicable  only  for  oi)en-channcl  conditions.    It  is  haaed  on  six  discharge  _, 
ments  made  during  1905.    It  is  well  defined.    The  table  has  been  extended  beyond  these  limits. 

Estimated  monthly  discharge  of  South  Fork  of  Walla  Walla  River  near  Milton,  Oreg.,  for  2905. 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November. . . . 
December 

The  year 


Discha 
Maximum. 

rge  In  second-feet. 

Total  In 

Minimum. 

Mean. 

acre-teet. 

276 

106 

167 

]0,27D 

!244 

84 

142 

7.8S6 

652 

156 

239 

14,7» 

412 

214 

300 

17.880 

378 

214 

277 

17,01) 

244 

130 

196 

11,G8D 

214 

106 

127 

i,m 

156 

84 

112 

6.9C 

156 

106 

141 

8,390 

214 

106 

157 

9,654 

156 

84 

103 

6J.S 

214 

106 

155 

9.531 

552 

84              176 

127,800 

WAI^LA   WALLA  RIVER  ABOVE  MILTON,  OREG. 

This  station  was  established  August  12,  1905,  to  replace  the  station  at  Milton,  Oreg.,  onf- 
half  mile  below.  It  is  located  near  the  old  city  reservoir,  1}  miles  above  Milton.  About 
25  feet  above  the  gage  there  is  a  curve  in  the  low-water  channel,  but  in  high  water  it  is 
nearly  straight.  Below,  the  channel  is  straight  for  about  400  feet.  There  arc  riffles  a  short 
distance  above  and  below  the  cable.  The  channel  is  composed  of  coarse  gravel  and  cobbles 
and  may  shift  to  some' extent.  Both  banks  are  low,  but  seldom  overflow  beyond  the  limit 
of  the  cable. 

Discharge  measurements  are  made  by  means  of  a  cable  and  car.  The  initial  point  for 
soundings  is  the  zero  of  the  tagged  wire  on  the  right  bank. 

The  gage  is  a  vertical  staff  on  the  right  bank,  24  feet  above  the  cable.  During  1905  the 
gage  was  read  once  each  day  by  L.  Martin.  The  bench  mark  is  a  spike  under  the  comer  o( 
the  roof  of  the  old  reservoir;  elevation,  9.71  feet  above  the  datum  of  the  gage. 

Discharge  measurements  of  Walla  Walla  River  above  MUton,  Oreg.,  in  1905. 


Date. 


Ilydrogrupher. 


August  12 Lewis  and  Sawyer. 

September  6...  I  W.C.Sawyer 

October  6 '  P.  A.  Cupper 

October  21 do 

Novemtjer  21 do 

December  28... do 


I 


Width. 


Fret. 
42 
43 
43 
44 


Area  of  i    Mean 


Gage 


section,  'velocity.!  height. 


43 

42' 


' 

,.._.,. 

Square 
feet. 

Feet  per 
second. 

48 

2.13 

47 

2.22 

54 

2.47 

55 

2.36 

53 

2.52 

62 

2.78 

-I-- 


Feet. 
3.83 
3.85 
3.95 
3.95 
3.98 
4.05 


Dis- 
cbarge. 

Second- 
feet. 

m 

104 
IS 
129 
IS 

m 
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DaUy  gage  height,  in  feet,  of  WaOa  WaOa  River  above  Milton,  Oreg.,  for  1906. 


Day. 


Aug.     Sept.  I  Oct. 


1 

1 

2 ' 

3 t 

4 

3............  ....... 

6 ' 

8 1 

9 ! 

ID 

11..                   ' 

12 

.   .   .1     3.82 

13 

1 
!     3.85 

14 

3.88 

15 

'    3.88 

16 

2.9 

3.88 

3.82 

3.82 

3.85 

3.85 

3.83 

3.85 

3.85 

3.85 

3.82 

3.85 

3.88 

3.9 

3.9 

3.9 

3.9 


3.92 

3.92 

3.9 

3.9 

3.92 

3.96 

4.0 

4.0 

3.98 

3.95 

3.96 

3.92 

3.9 

3.9 

3.98 

3.95 


Nov. 

TTi 

4.0    I 

3.98  ' 

4.0    I 

3.98  , 

3.98  , 

3.98 

3.95 

3.95 

4.0 

3.98 

3.96 

3.95 

3.95 

3.95 

3.93  , 


Dec. 

Day. 

40? 

17 

4.1 

Il8 

4.22 

1  19 

4.25 

20 

4.22 

21 

4.2 

1  22 

4-2 

23 

4-2 

(  24 

4.  18  1 

25 

1 
4-12 

26 

4  1? 

27 

4.08 

28 

4.05 

29 

4.02 

30 

4.02 

'31 

4.02 


I 


Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

3.88 

3.9 

3.98 

3.95 

4.16 

3.85 

3.9 

3.98 

3.98 

4.18 

3.88 

3.9 

3.98 

4.0 

4.2 

3.85 

3.9 

3.98 

4.0 

4.15 

3.88 

3.9 

3.9 

3.98 

4.15 

3.88 

3.88 

3.95 

3.98 

4.12 

3.85 

3.88 

3.98 

3.95 

4.10 

3.85 

3.88 

4.0 

3.95 

4.08 

3.88 

3.88 

4.05 

3,95 

4.08 

3.88 

3.9 

4.1 

4.12 

4.08 

3.88 

3.95 

4.0 

4.12 

4.06 

3.85 

3.98 

4.0 

4.08 

4.05 

3.88 

3.92 

3.98 

4.02 

4.05 

3.88 

3.92 

4.0 

4.05 

4.05 

3.9 

4.0 

4.05 

Station  rating  table  for  WaUa  WaUa  River  above  Milton,  Oreg.yfrom  August  12  to  December  SI, 

1905. 


Gage 
height. 


Feet. 
3.80 
3.90 


Discharge. 

Second-feet. 
94 
120 


h^ig^'t.     I>i«^harge.  '   ^Oj,      Discharge. 


Feet. 
4.00 
4.10 


Feet. 

Second-feet. 

147 

4.20 

207 

175 

4.30 

240 

The  above  table  la  applicable  only  for  open-channel  conditions.    It  Is  based  on  six  discharge  measure- 
ments made  during  1905.    It  is  well  defined  to  gage  height  4  feet. 

Estimated  monthly  discharge  of  WaUa  WaUa  River  above  Milton,  Oreg.,  for  1905. 


Month 

Dischar 
,  Maximum. 

Kc  in  s«Hond-feet. 
Minimum.      Mean. 

99              112 
99              115 
120              138 
ir)              144 
l.vi               181 

Total  in 
acre-feet. 

August  12-31 

'               120 

4,442 

6,843 
8,485 
8,569 
11,130 

September 

October 

November 

December 

* 

142 

175  , 

181 

'224  1 

1                        1 

WAI^LA  WALLA  RIVKR  AT  MILTOX,  ()UE<i. 

This  station  was  established  February  14, 1903,  by  T.  A.  Noble.  Owing  to  tlie  influence 
of  a  diversion  dam  just  below  the  station  was  abandoned  Septeml)er  30,  1905,  the  station 
U  miles  above  Milton  taking  its  place. 

The  channel  is  straight  for  80  feet  above  and  150  feet  below  the  station.  The  current 
is  swift.  Both  banks  are  low,  wooded,  but  not  liable  to  overflow.  There  is  but  one  chan- 
nel at  all  stages.  The  bed  of  the  stream  is  compo.sed  of  gravel,  is  free  from  vegetation, 
and  is  liable  to  sliift. 

During  1903  discharge  measimmients  were  made  from  a  cable.  Measurements  made  at 
this  point  include  the  discharge  of  the  irrigation  ditch  just  below  the  gage.     At  the  close 
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of  the  season  of  1903  the  cable  was  abandoned  and  dischai^e  measurements  have  socf 
been  made  from  the  highway  bridge.  Measurements  made  at  this  point  do  not  inclutk 
the  discharge  of  the  irrigation  ditch  just  below  the  gage.  The  ditch  has  to  be  measumi 
separately,  but  its  discharge  is  included  in  the  estimate  given  below.  Another  inigition 
ditch  is  taken  out  on  the  left  bank  just  below  the  bridge;  this  is  included  in  the  measun^ 
ments  made  at  the  bridge.  The  initial  point  for  soimdings  is  the  end  of  the  lover  chord 
on  the  upstream  side  of  the  bridge,  at  the  right  bank.  The  bridge  has  a  single  span  of  75 
feet  between  abutments. 

The  gage  is  a  vertical  rod  on  the  left  bank  one-half  mile  above  the  county  bridge  tfid 
just  above  the  head  gate  of  an  irrigation  ditch.  During  1905  the  gage  was  read  once  each 
day  by  S.  L.  Smith.  The  bench  mark  is  the  top  of  a  sharp  projecting  rock,  4  feet  from 
the  gage  and  3  feet  from  the  tree  to  which  the  gage  is  attached;  elevation, 4.37  feet  above 
the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papeis 
of  the  United  States  Geological  Survey: 

Description:  100.  p  368;  135.  p  254. 
Discharge:  100,  p  360;  135.  p  254. 
Dischaige,  monthly:  100.  p  370;  135,  p  25& 
Gage  heights:  100.  pp  360-370;  135.  p  255. 
Rating  table:  100.  p  370;  135.  p  255. 

Discharge  measurejnerds  of  WaUa  WdUa  River  ai  MZton,  Oreg.,  in  1905. 


Date. 

Hydrographer. 

Gaee 
height. 

Dis- 
charge. 

Remarks. 

February  8 

W .  C.  Sawyer 

Feet. 
1.71 
1.85 
1.75 
1.64 
1.42 
1.37 

Second- 
feet. 

190 

240 

378 

08 

00 

05 

78  second-feet  in  ditch  included 

March  18 

H.  A.  Yates 

64  second-feet  in  ditch  induded. 

May  5 

J.H.Lewis 

77  second-feet  in  diU^  ineloded. 

July  21 

W.C.Sawyer 

August  11 

Sawyer  and  Lewis 

Do. 

September  1 . . . 

Sawyer  and  Cupper 

53  second-feet  in  ditch  induded. 

Daily  gage  height ^  infeet^  of  Walla  Walla  River  at  MtUoUy  Oreg.,for  1905. 


Day. 


1 
2 
3 
4 

5 
6 
7 
8 
9 

10 

11. 

12. 

13, 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 


ran. 

Feb. 

1.74 

1.54 

1.69 

1.51 

1.56 

1.52 

1.56 

1.74 

1.56 

1.74 

1.53 

1.72 

1.48 

1.72 

1.45 

1.71 

1.48 

1.71 

1.5 

1.71 

1.51 

1.68 

1.52 

1.66 

1.51 

1.64 

1.49 

1.62 

1.5 

1.61 

1.51 

1.61 

1.5 

1.7 

1.51 

1.74 

1.49 

1.8 

1.53 

1.79 

1.51 

1.76 

Mar. 

1.81 
1.8 
1.8 
1.8 
1.79 
1.78 
1.76 
1.75 
1.74 
1.78 
1.81 
1.82 
1.84 
1.84 
1.84 
1.83 
1.84 
1.84 
1.84 
1.84 
1.95 


Apr.      May.      June.  {  July.      Aug.      Sept 


1.7 

1.78 

1.76 

1.75 

1.74 

1.73 

1.75 

1.78 

1.78 

1.8 

1.74 

1.67 

1.68 

1.69 

1.66 

1.66 

1.64 

1.66 

1.66 

1.7 

1.8 


I 


1.65 

1.65 

1.04 

1.48 

u 

L62 

1.55 

1.88 

L46 

L» 

1.7 

2.11 

1.88 

L45 

U 

1.72 

2.06 

L86 

1.44 

L« 

1.72 

2.03 

1.84 

1.43 

m 

L72 

►    2.0 

1.82 

1.4 

L41 

1.67 

L07 

1.78 

1.36 

l.V. 

1.66 

1.05 

1.68 

1.36 

H 

1.86 

1.02 

1.68 

L36 

1.4 

L02 

1.0 

1.5 

1.36 

m 

2.02 

1.82 

1.5 

1.37 

LC 

1.90 

1.78 

1.73 

1.37 

i.c 

1.93 

1.74 

1.7 

1.36 

1.. 

1.85 

L72 

1.7 

L37 

i.# 

1.8 

1.7 

L66 

L38 

i.« 

1.75 

1.7 

1.66 

1.4 

L45 

1.73 

1.72 

1.63 

L46 

L45 

1.71 

1.64 

L«2 

L44 

L45 

1.68 

1.67 

1.6 

L43 

L4i 

1.64 

1.64 

1.62 

1.43 

l.« 

1.62 

L64 

L64 

L43 

L« 

Uigitiz 

9dby>^J 

oog 

le 
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Daily  gage  height,  in  feet,  of  Walla  Walla  River  at  Milton,  Oreg.,for  i9(^5— Continued. 


Day. 


22 
23 
24 

25. 
36. 
"T 
28. 
29. 
30. 
31. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1.51 

1.72 

1.98 

1.94 

1.6 

1.8 

1.63 

1.43 

L46 

1.50 

1.8 

1.95 

1.88 

1.50 

1.85 

1.62 

1.43 

1.46 

1.76 

1.88 

2.13 

1.91 

1.63 

2.06 

1.61 

1.42 

1.47 

1.8 

1.97 

2.01 

1.96 

1.65 

2.12 

1.68 

1.42 

1.47 

1.76 

1.87 

2.12 

1.01 

1.65 

2.1 

1.45 

1.41 

1.48 

1.73 

1.84 

2.06 

1.88 

1.65 

2.06 

1.49 

1.41 

L6 

1.71 

1.82 

1.91 

1.85 

1.64 

2.04 

1.5 

1.41 

1.6 

1.68 

1.81 

1.7 

1.62 

2.02 

1.6 

1.42 

1.66 

1.66 

1.81 

1.60 

1.6 

1.95 

1.48 

1.42 

1.56 

1.6 

1.72 

1.58 

1.46 

1.41 

EttimaUd  monthly  discharge  of  Walla  Walla  River  at  Milton,  Oreg.,for  1905. 


Month. 


January... 
February.. 

March 

April 

May 

June 

July 

August 

September. 


The  period. 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean 


280 
305 
410 
540 
610 
280 
225 
145 
114 


150 
150 
200 
245 
275 
170 
100 
97 
100 


194 
200 
260 
369 
363 
216 
129 
103 
104 


Total  in 
acre-feet. 


11,930 
11,110 
15,990 
21,950 
22,320 
12,850 
7,932 
6,333 
6,188 


116,600 


Note.— Owing  to  changeable  conditions  at  this  station  during  1905  no  rating  table  can  be  published 
and  the  monthly  estimates,  which  are  based  on  a  series  of  curves,  each  covering  a  short  period,  are  only 
approximate. 

UMATILLA  RIVER  DRAINAGK  BASIN. 

DESCRIPTION  OF  BASIN. 

Umatilla  River  rises  in  the  well-wooded  country  of  northeastern  Oregon  and  flows  in  a 
general  westerly  direction,  entering  Columbia  River  below  the  mouth  of  Walla  Walla  River. 
The  country  north  of  the  Umatilla  is  high  and  rolling.  A  number  of  canals  divert  water 
from  the  lower  course  of  the  stream  to  irrigate  lands  on  either  side. 

UMATILLA   RIVER  AT   GIBBON,  OREG. 

This  sUtion  was  esUblished  by  C.  0.  Babb  July  22,  1896. 

The  channel  is  straight  for  100  feet  above  and  below  the  station.  The  right  bank  is 
high.  The  left  bank  is  rather  low  and  has  a  slough  during  high  water.  The  bed  of  the 
stream  is  composed  of  gravel  and  is  somewhat  shifting. 

Discharge  measurements  are  made  by  means  of  a  cable  and  car.  The  initial  point  for 
soundings  is  the  face  of  the  tree  on  the  right  bank,  to  which  the  cable  is  attached. 

Several  gages  were  used  from  time  to  time,  owing  to  the  varying  conditions.  October 
15,  1904,  a  vertical  staff  gage  was  fastened  to  a  point  of  rocks  in  a  pool  where  the  bed  is 
least  liable  to  shift  on  the  north  side  of  the  river  about  one-half  mile  below  the  railroad 
station  at  Bingham  Springs  and  one-half  mile  above  the  cable  from  which  discharge  meas- 
urements are  made.  No  relation  has  been  established  between  this  and  previous  gages. 
During  1905  the  gage  was  read  once  each  day  by  Walter  Swart.  The  bench  mark  is  a 
square  chisel  draft  and  the  letters  "B.  M."  cut  in  the  rock  about  15  feet  from  the  gage, 
10  feet  downstream;  elevation,  5.17  feet  above  the  datum  of  the  gaggigi^.^g^  byGoOglc 
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Information  in  regard  to  this  station  is  contained  in  the  following  publications  of  the 
United  States  Geological  Survey  (Ann  =  Annual  Report;  WS= Water-Supply  Paper): 

Description:  Aim  18,  iv,  p  361;  19,  iv,  p  493;  WS  16.  p  180;  28,  p  150;  38.  pp  376-377;  51.  p  444;  66,  p  ir; 
85,  pp  183-184;  100,  pp  366-367;  135.  pp  256-257. 

Discharge:  Ann  18,  iv,  p  361;  WS  1«.  p  180;  28.  p  160;  85.  p  184;  100.  p  367;  135.  p  257. 

Discharge,  monthly:  Ann  19,  iv,  p  494;  20,  iv,  p  515;  21,  iv,  p  430;  22.  iv,  p  453;  WS  75.  p  306;  85,  p Lsa 

Discharge,  yearly:  Ann  20,  iv,  p  63. 

Gago  heights:  WS  11.  p  88;  16,  p  180;  28.  p  167;  38.  p  377;  51.  p  445;  66.  p  137;  85.  p  184;  100.  pp367-0>A 
135.  pp  257-258. 

Hydrographs:  Ann  19,  iv,  p  494;  20,  iv,  p  515;  21.  iv,  p  430;  22,  iv,  p  453. 

Rating  tables:  Ann  19,  iv,  p  493;  WS  28,  p  170;  39,  p  464;  52,  p  622;  66.  p  177;  85.  p  185i 

Discharge  measurements  of  Umaiilla  River  at  Gibbon,  Oreg.,  in  1905. 


Date. 


March  3. . . 
March  10. . 


Ilydrographer. 


J.  H.  Lewis. .. 
W.  C.  Sawyer. 


March  28. J.  H.  Lewis 

April  7 1  W.  C.  Sawyer. . . . 

Mayfi I do 

August  5  « I do 

August  26 do 

Octolier  19  a  . . .    Sawyer  and  Hall. 
I 


December  2  O.J  R.S.Hall 


Width 


Feel. 
100 
53 
106 
110 
101 
34 
34 
37 
48 


Area  of 


Smtare 
feet. 


143 
167 
102 
41 
38 
49 
63 


Mean 
velocity. 

heigEt. 

Di». 
charge. 

'  Feet  per 
second. 

Feet. 

feet. 

6.36 

2.00 

.>»'i 

5.93 

L75 

410 

6.85 

2.50 

9TV 

6.57 

2.65 

1,0&4 

6.43 

2.10 

W- 

L41 

LIO 

> 

1.39 

1.10 

a 

L73 

1.22 

\*i 

2.53 

1.39 

Ift' 

a  Made  at  different  section. 


Da'dy  gage  height,  in  feet,  of  UmatUJa  River  at  Gibbon,  Oreg.,for  1905. 


Day. 


I  Jan.  I   Feb.  j  Mar.  '  Apr.  i  May.    Juno.    July.  I  Aug.  ,  Sept.  j   Oct.      Nov.     iXx:. 


|*#«t4«4*«* 


1.5, 

1.6 

2.0 

2.3 

1.8 

1.55  1 

1.3 

1.1 

1.5  j 

1.5 

2.0 

2.4 

1.9 

1.7    i 

1.3           1.1 

1..-) 

1.5 

2.0 



2.0 

1.65 

1.3           1.1 

1.4' 

1.5 

1.9 

2.5 

2.0 

1 

1.3 

1.4  1 

1.5 

1.9 

2.8 

2.0 

1.6     1 

U3 

1.4  ! 

1.5 

1.9 

2.8 

2.1 

1.6 

1.3 

1.4 

1.5 

1.8 

2. 65 

1.6 

1.25 

1.4 

1.5 

1.8 

2.5 

l.Ml 

1.25 

1.1  1 

1.4  1 

1.5 

1.75 

2.5 

2.1 

1.5     1 

1.25 

1.1  ' 

1.4 

1.5 

1.75 

2.3 

2.1 

1.5    1 

1.25 

1.4  1 

1.5 

1.7 

2.1 

2.25 

1.45  j 

1.2 

1.1  1 

1.4  I 

1.5 

1.7 

2.2 

2.2 

1.4 

1.2 

1.1  ' 

1.3  j 

1.5 

1.8 

2.1 

2.1 

1.4    1 

1.15 

t  3 

1.5 

1.8 

2.0 

2.0 

1.35  ' 

1.15 

1.1  1 

).3' 

1.5 

1.8 

2.0 

1.9.-) 

1.35  1 

1.1           1.1  1 

1.3 

1.5 

1.8 

2.0 

1.9 

1.3,5  1 

1.1 

1  1  1 

i3 

1.4 

1.8 

1.95 

1.85 

•1.3    1 

1.1 

1.1  1 

L3 

1.4 

1.8 

1.9 

1.8 

1.3     1 

1.1 

1. 1  1 

1.3  , 

1.4 

1.8 

2.0 

1.8 

1.3 

1.1 

13 

1.4 

1.8 

2.1 

1.8 

1.25 

1.1 

1.1  ' 

L3  ! 

1.4 

2.0 

2.2 

1.7 

1.25  i 

1.1 

1.1 

1.3  1 

1.4 

2.3 

1.5 

i.a.-)  1 

1.1           1.1 

!.6. 

1.5 

2.0 

2.3 

1.7 

1.2.5 

1.1     '       1.1 

2.0 

1.6 

2.4 

2.2 

1.85 

1.3     ; 

1.1,       1.1 

2.2  1 

2.0 

2.2 

2.1 

1.9 

1.1 

1.1 

1.25 

1.2 

\.Xi 

1.2    1 

1.2    , 

1.4 

1.15 

1.2 

l.i» 

1.15 

1.2 

L6.- 

1.2    1 

1.2 

1.62 

1.2 

1.2 

1.6 

1.2 

1.2 

1.6 

1.2     , 

1.2 

L« 

1.2 

1.2 

1.6 

1.2 

1.2 

l.<5 

L2    ' 

1.2 

1.4 

L2 

1.2 

1.4 

L2    1 

1.2 

1.4 

L2 

1.2 

1.4 

1.2 

1.2 

1.4 

1.2 

1.2 

14 

1.2 

1.2 

1.5 

L2 

1.2 

1..V 

1.2    1 

1.2 

l.ii 

L2 

1.2 

!.« 

1.2 

1.2 

l.b 

1.2 

1.2 

1.6 

1.2 

1.2 

1.^ 

1.2 

1.2 

U 

1.2 

1.2 

Digitized  byVjOO^lC 
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DaUy  gage  height^  infeet^  of  Umatilla  River  at  Gibbon,  Oreg.,for  1905  -Continued. 


Day- 


Jan.      Feb.  '  Mar.      Apr.     May.    June.    July.     Aug.     Sept.     Oct 


I 


1.8 
1.8 

1.8 


2.0 

2.0 

2.6 

2.0 

2.45 

1 

2.3.5 

' 

2.3 

1 

2.2 

2.0 

1.9 
1.8 
1.7 
1.7 


I 


1.8 

1.35 

1.8 

1.4 

1.75 

1.35 

1.7 

1.35 

1.65 

1.35 

1.6 

1.1 
1.1 


1.3 
1.3 


1.2 
1.2 
1.2 
1.2 
1.2 
1.2 


Nov. 

Dec. 

1.3 

1.45 

1.3 

1.3 

1.3 

1.35 

Note.— Ice  conditions  during  part  of  February. 
Station  rating  table  for  UmatiUa  River  at  Gibbon,  Greg.,  from  Gctober  15,  lOOJt,  to  December  31, 

m)5. 


Oage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

1                        1' 
Discharge.  || 

Second-feet. 

Ga«? 
height. 

Feet. 

Discharge. 

Feet. 

Second-feet 

1.00 

22 

1.60 

282 

2.10 

638 

2.60 

1,060 

1.10 

56 

1.70 

346 

2.20 

718 

2.70 

1,150 

1.20 

82 

1.80 

414 

2.30 

800 

2.80 

1,240 

1.30 

1              120 

1.90 

486 

2.40 

1              885 

2.90 

1,330 

1.40 

168 

2.00 

560 

2.50 

j             970 

3.00 

1,420 

1.50 

222 

The  above  table  is  applicable  onl v  for  open-channd  conditions.    It  is  basH^l  on  9  discharge  measure- 
meats  made  during  190.^    It  is  wolf  defined. 

Estimated  monthly  discharge  of  VmaiiUa  River  at  Gibbon,  Greg.,  for  1904.  o-xid  1905. 


October  15-31 . 

November 

December 


Month. 


January 

February.. 

March 

.ipril 

May 

June 

July 

August 

September. 
October. . . . 
November. 
December.. 


1905. 


Di.schai 
Maximum. 

•gi'  in  si'cond-lwt. 
Minimum.      Moan. 

Total  in 
acrf^-feot. 

90 

: 

56 

78.4 

2,644 

120 

56, 

78.9 

4,695 

346 

82 

117 

7,194 

718 

120 

2.')0 

15,370 

560 

168 

263 

14,610 

l.OtiO 

3*>| 

.'V.S4 

34,060 

1,240 

34*) 

721 

42,900 

im 

222 

489 

30,070 

34«i 

101, 

182 

10,830 

120 

.56, 

76.7 

4,716 

5«> 

f*\  1 

.",6.0 

3,443 

120 

.56 

fiO.3 

3,.S88 

101 

69 

81.8 

5,030 

144 

82  1 

89.1 

^.^vyi 

314 

144, 

220 

u,u\^\ 

The  year. 


Note.— Discharge  interpolated  for  mi.ssing  guge  heights. 


2.54 


l«3,40Q 


Digitized  byVjOOQlC 
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UMATILLA  RIVER  AT  PENDLETON,  OREG. 

This  station  was  established  May  22,  1903,  by  F.  W.  Huber  and  discontinued  June  11. 
1905.     It  is  located  at  the  Main  Street  Bridge  at  Pendleton,  Oreg. 

The  channel  is  straight  for  250  feet  above  and  200  feet  below  the  railroad  bridgp  froc 
which  discharge  measurements  are  made.  The  current  is  swift  at  this  point,  but  has  alow<T 
velocity  than  at  the  bridge  at  which  the  gage  is  located.  The  right  bank  is  low  and  wm 
overflow  under  the  trestle  on  this  bank.  The  left  bank  is  high  and  is  partly  riprap.  At 
low  stages  there  will  be  some  backwater  at  the  south  bank.  There  is  but  one  chaimel  at 
all  stages.     The  bed  of  the  stream  is  composed  of  gravel  and  is  shifting. 

Discharge  measurements  are  made  from  the  Oregon  Railroad  and  Navigation  CompanT's 
bridge,  about  1  mile  downstream  from  the  Main  Street  Bridge.  The  initial  point  for  Mwd- 
ings  is  the  face  of  the  crib  abutment  on  the  left  bank.  The  railroad  bridge  consists  trf  a 
single  span  6f  145  feet,  with  116  feet  of  trestle  approach  on  the  right  bank  and  34  feet  oo  tk« 
left  bank. 

The  gage  is  a  vertical  staff"  fastened  to  the  middle  of  the  left  (south)  side  of  the  cectrr 
pier  of  the  Main  Street  Bridge.  During  1905  the  gage  was  read  by  the  staff  of  the  GeokipriJ 
Survey  office  at  Pendleton.  The  bench  mark  is  the  top  of  the  south  side  of  the  steel  cakwuQ 
at  the  east  end  of  the  middle  pier  of  the  Main  Street  Bridge;  elevation,  16.50  feet  abovp 
the  datum  of  the  gage. 

The  flour-mill  ditch  (Byer's)  takes  100  second-feet  or  less  of  water  about  IJ  miles  abote 
the  gage  and  returns  it  to  the  river  about  200  feet  above  the  gage,  so  that  it  interferes  with 
the  measurements  in  no  way  except  for  a  time  during  very  low  water,  when  the  water  is 
drawn  down  and  then  restored.     The  gage  was  read  only  when  the  flow  was  normal. 

A  short  dbtance  above  the  bridge  at  which  the  gage  is  located  water  is  taken  out  of  th-- 
river  by  the  Farmers'  mill  ditch.  The  water  is  returned  to  the  river  at  a  point  about  I.ti*' 
feet  above  the  railroad  bridge.  The  Farmers'  mill  ditch  does  not  affect  the  reading  of  tr.^ 
gage  when  above  4  feet.  For  low  stages  of  the  river  the  amount  of  water  in  the  dii<4 
should  be  taken  out  from  the  measured  discharge  in  making  a  curve  and  rating  table,  ai^i 
should  then  be  added  to  the  discharge  taken  from  the  table.  June  15,  1904,  a  gage  vt^ 
placed  on  the  Farmers'  mill  ditch  and  read  from  that  time  until  the  station  was  abandoned. 

Information  in  regard  to  this  station  U  contained  in  the  following  publications  of  tbf 
United  States  Geological  Survey  (Bull = Bull? tin;  WS= Water-Supply  Paper): 

Description:  Bull  131,  p  68;  WS  100,  pp  362-363;  135.  pp  258-259. 
Discharge:  Bull  131,  pp  69,  90;  WS  100,  p  364;  135,  p  250. 
Discharge,  monthly:  Bull  131,  p  69. 
Gage  heights:  WS  100,  p  364;  135,  p  260. 
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Discharge  measuremerUs  of  UmaHlla  River  at  Pendleton,  Oreg.,  in  1905. 
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Hate. 


Ilydrographer.        Width. 


Janti&ry28 Williams  and  Yates. 

Febraary  24 . .  J  Lewis  and  Yates . . . 

February  27 . . .    W.  C.  Sawyer 

Marct&24. I  II.  8.  WillUms 

Mji-nO)  2S, I  Lewis  and  Yates. . . . 

Junes I  W.C.Sawyer 


Jane  26 j  Sawyer  and  King... 

A  u^ust  28  a Sawyer  and  Lundes 

September  9  «. .  |  W.  C.  Sawyer 

October  19  a...  I do 

November  ISO.    R.  8.  Hall 

November  17  . .' do , 

Sovembcr  17 do 

December  7 ' do 

December? do 

December  26...  I do 


Feet. 
90 

83 

92 

100 

100 

80 

80 
16 
27 
45 
45 
76 
76 
73 

73 


Area 
of  sec- 
tion 


Feet 

per 

3quar^  sec- 


feet. 
294 

211 

209 

318 

3S2 

207 

194 

16.6 

22.8 

52 

52 

90 

90 
248 
248 
242 


Mean 

veloc- 

ity. 


ond. 
2.24 

L30 

2.29 

2.98 

3.60 

L35 

.84 
2.22 
L79 
L37 
1.43 

.29 

.33 
L07 
LIO 

.98 


Gage 
height. 

Dis- 
charge. 

Feet. 
4.60 

Second- 
feet. 
657 

4.19 

275 

4.58 

615 

4.99 

941 

5.20 

1,302 

4.26 

280 

4.17 

162 

36.9 

40.4 

72 

79 

56 

63 

264 

273 

237 

Kemarks. 


128  8ecM>nd-feet  in  ditch 

included. 
58  second-feet  in  ditch 

included. 
120  second-feet  in  ditch 

included. 
240  second-feet  in  ditch 

included. 
166  second-feet  in  ditch 

included. 
29  second-feet  in  ditch 

included. 
Ditch  dry. 


a  Measurements  made  above  head  of  Byer's  mill  ditch. 
DaUy  gage  height,  in  feet,  of  UmatiUa  River  at  Pendleton,  Oreg.,  for  1005. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

4.05 

4.35 

4.52 

499 

45 

445 

4.0 
40 

4.28 
4.23 

4.5 
4.52 

5.21 
5.25 

445 
45 

44 

4  37 

3.98 

4.19 

4.52 

5.15 

46 

435 

3.97 

4.14 

4.52 

5.22 

4  7 

433 

6* 

3.95 

4.11 

4.5 

5.3       4  73 

43 

7 

3.92 

4.1 

4.49     5.25 

472 

428 

S 

3.9 
3.9 
3.9 
3.9 

4.00 
4.08 
4.06 
4.1 

4  42  1  5. 15 
4.  %  '  .1  a*! 

4  67 
48 
4  78 
4  82 

4.26 

0 

4  24 

n 

435 

438 

495 

485 

4  2 

11 

4  18 

12 

3.9 

4.0 

437 

483 

485 

n 

3.8 

4.1 

432 

478 

4  8 

J4 

3.8 

4.05 

44 

4  75 

4  75    

15 

3.86 

4.0 

44 

465 

468  ! 

Ifi 

3.84 

4.0 

438     465 

465  1 

Day. 


I  Jan.     Feb. 

I 


i 


17 1  3.87     403 

18 !  3.88     402 

19 3.88     40 

20 3.88  [  402 

21 3.9       402 

22 407 

23 40       41 

24 4  48     419 

25 4  78     4  39 

26 4  61      4  5<> 

27 46     [  458 

28 4  61  i  45 

29 450  ' 

30 45     ' 

31 4  41    


Mar. 

4  38 

438 

438 

439 

448 

458 

4  62 

5.0 

4  98 

5.33 

5.  45 

5.3 

5.12 

5. 05 


Apr.   May.  Jum*. 


4  65 
465 
4  63 
477 
480 
4  80 
4  85 
4  82 
4  78 
4  75 
4  66 
4  6 
4.  rtT, 
4  52 


455 
45 
4  45 
445 
4  4 
4  42 
45 
4  55 
4  52 
4  5.5 
4  5 
4  5 
4  45 
4  4') 


UMATILLA  RIVKR  AT  YOAKUM,  OREG. 

Thifl  station  was  established  May  5,  1903,  by  N.  S.  I)ils.  It  Is  located  one-lmlf  mile  east 
of  Yoakum,  a  station  of  the  Oregon  Railroad  and  Navigation  Company,  at  what  is  known 
63  the  Yoakum  wagon  bridge. 

The  channel  is  straight  for  1,000  feet  above  and  below  the  station.  The  current  is  swift 
Mid  has  a  well-distributed  velocity.  Both  banks  are  high  and  are  composed  of  gravel.  The 
rigbt  bank  will  not  overflow.    The  left  bank  will  overflow  only  at  extreme  flood  stages. 
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STREAM    MEASUREMENTS    IN    UK)."),    PART    XIV. 


The  bed  oFthe  stream  is  (om|K)sed  of  gravel  and  is  permanent.  There  is  but  one  fhanusl 
at  all  stages. 

Discharge  measurements  are  made  from  the  single-span  wagon  bridge.  The  initial  pobi 
for  soundings  is  the  end  of  the  lower  chord  of  the  upstream  side  on  the  left  Imnk. 

The  gage  is  a  vertical  staff  attached  to  the  right  abutment  of  the  bridge.  During  19(i5 
readings  have  been  made  once  each  day  by  Luther  Dehavcn.  The  bench  mark  Is  a  &i- 
pcnny  nail  and  two  8-penny  nails  driven  side  by  side  into  the  second  timlier  from  the  top 
of  the  left  abutment,  downstream  side;  elevation,  13.00  feet  above  the  datum  of  the  gap 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Pipers 
of  the  United  States  Geological  Sun-ey : 

Description:  100.  pp  360-361;  135.  pp  2(50-261. 
Discharge:  100.  p  361;  135,  p  261. 
Discharge,  monthly:  100,  p  362;  135,  p  263. 
Gage  heights:  100,  p  361;  135.  pp  261-2«i2. 
Rating  table:  100,  p  362;  135.  p  262. 

Discharge  measurements  of  Umatilla  River  at  FoaJhtm,  Oreg.,  in  1905. 


Date. 


llydrographer. 


February  25.... I  J.  11.  Ixjwis 

March  24 1  Lewis  and  Yates. 

Mays I  W.C.Sawyer.... 

June  30 1 do 

August  18  <» I do 

September!...  I  F.  C.  Dillard 

October  la i  W.  C.  Sawyer 

Octoljer  21 |  Sawyer  and  Hall. 

December  12... I  R.  S.  Hall 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gace 
hei^t. 

chiirpf. 

Feet. 

Square 
feet. 

Feet  per 
second. 

Feet. 

Seamd- 
fut. 

76 

209 

2.12 

4.28 

m 

76 

296 

3.99 

&48| 

l.l^n 

•       76 

273 

3.14 

4.93' 

^j" 

76 

129 

1.36 

.\37 

17'. 

49 

30 

.80 

2.66 

24 

73 

96 

.55 

2.98 

'A 

GO 

47 

1.28 

3w00 

w 

74 

120 

.61 

3.12 

74 

76 

188 

1.52 

3.98 

2r 

a  Measurements  made  at  different  section. 


Daily  gage  height ^  infect,  of  UmaJtilla  River  at  YoaJcum,  Oreg.,for  1005. 


Day. 

Jan. 

I-^eb. 

Mar. 

Apr. 

May.  1 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

4.0 
4.0 

4.3 
4.2 

4.5 

4.6 

5.5 
6.1 

4.4  i 
4.3  i 

4.1 
4.1 

3.3 
3.1 

2.6 
2.6 

2.7 

2.7 

3.0 
3.0 

as 

13, 

.14 

2 

as 

3-.-.- 

3.9 

4.1 

16 

6.0 

4.4 

4.1 

3.1 

2.6 

2.7 

ao 

a3 

it> 

4,,., 

3.9 
3.9 

4.0 
4.0 

4.6 
4.6 

6.0 
6.0 

4.7 
5.0, 

::; 

3.1 
3.1 

2.6 
2.6 

2.7 
2.7    1 

3.0 
3.0 

aal 

33 

B.., 

11.. 

3.9 

3.9 

4.6 

6.0 

5.0, 

4.1 

3.0 

2.6 

2.7 

3.1 

a3| 

?,,,,.- 

3.9 

3.9 

4.6  j 

6.0 

5.0  1 

4.1 

3.0 

2.6 

2-     , 

3.2 

as' 

t,, 

3.8 

3.8 

4.5  ' 

6.0 

4.9  1 

3.9 

3,0 

2.6 

2.7     1 

3.2 

as 

fl  ..._._ 

3.7 

3.8 

4.4 

5.7 

5.2  ' 

3.9 

3.0 

2.6 

2.75 

3.2 

a3 

10.. 

3.7 

3.7 

4.4 

.5.6 

5.2! 

.3.9 

3.0 

2.6 

2.75  1 

3.1 

a2 

U 

3.7 

3. 6 

4.4 

5.4 

5.2  1 

3.8 

3.0 

2.6 

2.75  1 

3.1 

a2 

n 

3.7 

3.5 

4.4 

5.2 

5.3 

3.7 

3.0 

2.6 

3.12 

3.1 

a2 

IS , 

3. 6 

3,5 

4.4  1 

5.1 

5.2  1 

3.7 

3.0 

2.6 

3.5 

ai 

a2 

H.,... 

3.5 
3.5 

3.5 
3.5 

4.4 
4.4  1 

5.0 
4.9 

5.0  ' 
4.9, 

3.6 
3.5 

3.0 
3.0 

2.6 
2.6 

2.8 
2.9 

ai 
a  3 

a2 
a2 

U 

Ifl, 

3.5 

3.5 

4.4  ' 

4.9 

4.7  , 

3.4' 

3.0  1 

2.6 

2.9    ' 

as 

a2 

1                  1? 

.3.5 

.•^5 

4.4 

4.8 

4.7  , 

3.4 

3.0 

2.7 

2.9     ! 

a3 

a2 

L      i« 

3.5 

3.5 

4.4  , 

4.9 

4.0 

.3.4 

2.9 

2.7 

2.9 

a2 

a2 

^^  i« 

3.5 

3.9 

4.4 

0.0 

4.5 

3.  3 

2.9 

2.7  1 

2.9    1 

ai 

as 

^■L_*i,.. 

3,6 

3.7 

4.4  1 

5.0 

4.4 ; 

3.2  [ 

2,9 ; 

Uig 

2.7  1 
itized  by 

v^obgle 

as 

1 
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IMUy  gage  height,  infitty  ofUnuitUla  Rii'er  at  YoaJcumy  (>refj.,for  1905 — Continued. 


Day. 
I 

4 

8 

a 

0 

I 


an. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov.  , 

Dec. 

ac 

3.6 

4.5 

.0 

4.4 

3.2 

2.9 

2.7 

2.9 

3.1 

\ 
3.3 

4.1 

3.7 

3.5 

4.7 

5.0 

4.3 

3.2 

2.9 

2.7 

2.9 

3.1 

3.3  1 

4.1 

3.8 

3.6 

4.8 

5.0 

4.3 

4.0 

2.8 

2.7 

2.9 

ai 

3.3  1 

4.1 

4.3 

4.0 

5.4 

5.0 

4.4 

3.6 

2.8 

2.7 

2.9 

3.1 

3.3 

4.1 

4.8 

4.3 

6.5 

5.0 

4.4 

3.5 

2.7 

2.7 

2.9 

3.1 

3.3 

4.5 

4.8 

4.4 

5.9 

4.9 

4.4 

3.4 

2.7 

2.7 

3.1 

3.1 

3.3 

4.5 

4.7 

4.4 

6.2 

4.6 

4.3 

3.4 

2.7 

2.7 

3.2 

3.1 

3,3  1 

4.4 

4.7 

4.4 

6.0 

4.6 

4.3 

3.4 

2.6 

2.7 

3.0 

3.2 

3.3 

4.5 

4.5 

5.8 

4.5 

4.2 

3.4 

2.6 

2.7 

3.0 

3.2 

3.4' 

4.5 

4.4 

5.5 

4.4 

4.2 

3.2 

2.6 

2.7 

3.0 

Z.2 

3.4  1 

4.3 

4.3 



5.5 

4.1 



2.6 

2.7 

3.2 

1 

i 

4.3 

^taJtion  rating  table  for  Umatilla  River  at  Yoakum,  Oreg.,  from  January  1  to  December  SI, 

1905. 


«X.     Di^harge.  ^«Xt.     I>i»ehanre. ' 


heigl 

Feet. 
2.60 
2.70 
2.80 
2.90 

aoo 

3L10 
3.20 

aao 
a4o 

3L50 


Gage 
height. 


Discharge. 


Second'ffet.l 

^    I 

I  28    " 

37    l| 
47 

59    |l 
73 

90     I 
110     i 
132 
156 


Feet. 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 


Second-feet., 
182 
210 

240    i 

275  ; 

315    , 
355    I 
400 
450 
505 


Feet. 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
5.30 


Second-feet. 
565 
630    I 
700 
770    ' 
845     ' 
925    I 
1,005 
1,090 
1.180    ' 


Gage 
height. 

Feet. 
5.40 
5.50 
5.60 
5.70 
5.80 
5.90 
6.00 
6.10 
6.20 


Discharge. 


Second-feet: 


The  above  table  Is  applicable  only  for  open-channel  conditions, 
ments  made  during  1904-5.    It  Is  well  denned. 


It  is  based  on  16  discharge  measuro 


Estimated  monthly  discharge  of  Umatilla  River  at  Yoakum,  Oreg.,for  1905. 


Month. 


I         Discharge  in  second-feet. 
'  Maximum.    .Minimum.  I    Mean. 


January '  770 

February '  ,  505 

March I  2,040 

AprU j  1,940 

May 1,180 

June I  355 

July '  110 

August I  28 

September '  156 

October ,  1 10 

November '  132 

Decembef 565 

The  year 1  2,040 


156  ' 

156  I 

505  j 

505  , 

355  I 

90 

20  I 

20  ' 

28, 

59 

90  ! 

132  I 

20  ' 


320 

273 

826 
1,153 

(«3 

212 
51.1 
2X  9 
48.2 
78.7 

105 


368      I 


Total  in 
acre-feet. 


19,680 
15,160 
50,790 
68,610 
42,000 
12,6e0 
3,142 
1,470 
2,868 
4,839 
6.248 
22.630 

250,100 
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STREAM    MEASUREMENTO   IN    1905.   PART    XIV. 


UMATILLA  RIVER  NEAR  ITMATILLA,  OREG. 

This  station  was  established  October  21,  1903,  by  John  H.  Lewis.     It  is  locate  about! 
miles  above  Umatilla,  Oreg.,  and  about  one-fourth  mile  below  the  diversion  dam  d  U»| 
Oregon  Land  and  Water  Company.    This  dam  diverts  water  into  an  irrigation  ditch  ontk 
left  bank.    To  obtain  the  total  discharge  of  the  river,  the  discharge  of  the  irrigatioD  dh^l 
must  be  added  to  that  of  the  river  at  the  cable.    For  estimate  of  flow  in  the  ditch  sm  | 
page  201. 

The  channel  is  straight  for  500  feet  above  and  1,000  feet  below  the  cable.  The  curreot  1 
is  swift.  Both  banks  are  high  and  rocky  and  will  not  overflow.  The  bed  of  the  stream  k  I 
composed  of  solid  rock  and  is  free  from  vegetation  and  permanent.  Owing  to  the  rapids  I 
just  above  Umatilla  backwater  from  Columbia  River  does  not  afl'ect  the  gage  heights  at  the  , 
station. 

Dischai^e  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  wire. 
The  initial  point  for  soundings  is  the  zero  mark  on  the  tagged  wire,  directly  over  the  vertical 
portion  of  the  left  bank. 

An  inclined  gage  is  placed  on  the  left  bank  45  feet  below  the  c-able,  and  is  in  two  secdoos. 
The  lower  section  reads  from  1.2  to  3.5  feet.  The  upper  section  reads  from  3.5  to  10.8  feet. 
During  1905  the  gage  was  read  every  other  day  during  ordinary  stages  and  once  each  day 
during  floods  by  B.  V.  Pompella.  The  bench  mark  is  the  head  of  a  bolt  cemented  in  the 
solid  rock  IJ  feet  upstream  from  the  gage  rod;  elevation,  10.30  feet  above  the  datum  of 
the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  100.  p  359;  135.  pp  203-264. 
Discharge:  100.  p  300;  135.  p  '204. 
Discharge,  monthly:  135,  p  200. 
Gage  heights:  100.  p  360;  135,  pp  264-265. 
Rating  tabic:  135.  p  265. 

Discharge  measurements  of  Umatilla  River  near  UmaHUaf  Oreg.,  in  1905. 


Date. 


February  28.. 
March  27 


Ilydrographcr. 


J.  U.  Lewis. 
do 


Width. 


Feet. 

170 

177 

AprUlO I do I    180 

May  12 j  W.C.Sawycr I    175 

July  19 1 do I 

September  26 .  .i do i        7. 3 

October25 1  Sawyerand  Hall |      31 

DecemberO |  R.  8.  llall 167 


Areaol 
section. 


Square 
feet. 

218 

379 

330 

280 


4.7 
38 
148 


Mean 
velocity. 


Feet  per 
second. 

2.78 

4.54 

4.17 

3.94 


Gage 
height. 


Dis- 
charge. 


-|- 


.85 
1.63 
2.06 


Feet. 
3.37 
4.22 
3.95 
3.70 
1.60 
1.82 
2.41 
3.00 


'  Second- 
I     feet. 

I  606 

1,722 

]       1,377 

I      1,103 

I  aai 

I 

63 
304 


oEstimated. 
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DaUy  gage  height ,  in  feet,  of  Umatilla  River  near  Umatilla,  Oreg.,for  1906. 
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Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.8 

3.85 

4.2 



4.1 

4.2 

3.15 
a25 
3.6 

3.05 

2.3 

1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

1.6 

1.9 

2 

3.15 

3.35 

2.43 

2.68 

3 

2.85 

2.95 

2.1 

1.6 

2.2 

4 

3.05 

3.4 

2.43 

2.7 

5 

2-85 

2.9 

,.s 

1.6 

2.18 

6 

3.0 

3.4 

2.43 

3.0 

7 

2.8 

2.9 

1.7 

1.6 

2.21 

8 

2.9 

3.3 

4.15 

3.6 

2.41 

3.0 

9 

2.8 

2.8 

1.65 

1.6 

2.25 

0... 



2.9 

3.2 

3.95 

3.7 

2.4 

3.0 

2.8 

2.7 

1.6 

1.62 

2.3 

2 

2.9 

3.2 

3.7 

3.8 

2.4 

2.95 

3 

2.95 

2.6 

1.65 

2.27 

2.3 

4 

2.75 

3.2 

3.65 

3.7 

2.4 

2.9 

5 

2.95 

2.45 

1.5 

2.35 

2.36 

6 

2.8 

3.15 

3.5 

3.45 

2.45 

2.85 

7 

2.9 

2.3 

1.5 

2.1 

2.4 

8 

2.8 

3.2 

3.45 

a4 

2.42 

2.9 

9 

2.7 

2.2 

1.6 

2.0 

2.41 

0 

2.8 

3.15 

3.4 

3.2 

2.45 

3.1 

•1 

2.7 

2.2 

1.6 

1.80 

2.43 

a 

2.8 

3.25 

3.55 

3.1 

2.5 

3.0 

t3 

2.75 

1.9 

1.6 

1.89 

2.42 

a 

2,85 

3.5 

3.6 

3.1 

2.5 
2.5 

2.95 

t5 

3.15 

2.2 
2.4 
2.35 

1.59 
1.6 

1.89 

2.45 

95 

a  15 
3.37 

3.8 

4.22 

4.3 

4.3 

4.0 

3.5 

3.2 

2.95 

n 

.« 

1.8 

2.6 

K 

3.4 

3.15 

2.55 

2.9 

» 

3.. 

2.3 

1.65 

1.89 

2.5 

0 

3.2 

3.1 

2.65 

2.9 

(1 

3.3 

1.6 

z« 

iiaJion  rating  table  for  Umatilla  River  near  Umatilla,  Oreg.,  from  January  1  to  December  31, 

1905. 


Gage 
height. 

Feet. 
2.00 
2.10 
2.20 
2.30 
2.40 
2.  .50 


Discharge. 

Gage 
height. 

Second-feet. 

Feet. 

13 

2.60 

21 

2.70 

32    1 

2.80 

«    , 

2.90 

62 

3.00 

83    1 

3.10 

Discharge. 

Second-feel  J 

110  I 

145  I 
190 

24*1  I 

310  I 

390  , 


I     Gage 
.   height. 

Feet. 
3.20 
3.30 
3.40 
3.50 
3.60 
a  70 


Discharge. 

Second-feet. 
480 
.•iSO 
690 
800 
920 
1,040 


Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

1        3.80 

1,170 

3.90  • 

1,310 

'        4.00 

1,450 

1        4.10 

1,590 

4.20 

1,740 

;         4.30 

1,890 

The  al>ove  table  is  applicable  onlv  for  open-channel  conditions.     It  is  based  on  16  discharge  nieasure- 
n<'nts  made  during  1903-1905.     It  Is  well  defined. 
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Efstimaled  monthly  discharge  of  Umatilla  River  near  Umatilla,  Oreg.ffor  1905. 


Month. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. , 
Decern  l)er.. 


The  year. 


Discharge  in  second-feet. 


Maximum.   Minimum. 


745 

557 

1,890 

1,740 

1,170 

350 

45 

1.5 

54 

83 

128 

390 


1,890 


145 
168 
435 
480 
390 
8 
.0 
.1 
.1 
8 
62 
138 


Mean. 


Total  is 
acre-feet. 


307 

283 

764 

1,085 

G70 

122 

4.62 

.21 

11 

53.2 
7Sl8 
263 


lS,ai« 
L5,7JD  : 
46.^ 

4i.m  i 

7.»| 
2W   ' 

3,n  i 

4.»» 
16,  in- 


303 


219,  SET. 


Note.— Mean  for  actual  numlx^r  of  days  recorded  taken  as  the  mean  for  the  entire  month. 
DITCHES  IX  UMATILLA  RIVER  VALLEY,  OllEGON. 
FARMERS'  HILL  DITGH  AT  PEVDLETOH,  OREO. 

Water  is  taken  from  Umatilla  River  just  above  the  Main  Street  Bridge  (upon  a  pier  of 
which  the  river  gage  is  located),  is  used  to  furnish  power  for  the  Farmers'  flour  mill,azid 
then  returned  to  the  river  above  the  railroad  bridge  at  which  river  measurements  wnr 
made. 

The  flow  is  not  uniform  during  the  low-water  season  because  of  storage  in  Byer*s  mill 
ditch  above,  and  consequently  measurements  were  discontinued. 

Discharge  measurements  of  Farmers*  mill  ditch  at  Pendleton,  Oreg.,  in  1905. 


I 


Date. 


February  24.. 
February  27... 
April  6 


Ilydrographor. 


Lewis  and  Yates... 
Sawyer  and  Yntes. 
do 


Width. 

Area  of 
section. 

Square 
feet. 

Feet. 

24 

28.3 

28 

43.3 

23 

41.8 

Mean 
velocity. 


Feet  per 
second. 

2.13 

2.80 

4.96 


Gaec  Di*- 

heigfat.     chftnsr. 


Feet     I  fen. 

0.82  ,  'f 

1.35!  Ln 

1.66  3t: 


Daily  gage  height,  in  feet,  of  Farmers*  mill  ditch  at  Pendleton,  Oreg.,for  1905. 


liiiy. 

Jan. 

¥*^}k 

Mflr    Apr. 

May. 

.Tunc.          Day. 

Jan. 

FiVli. 

1 

..|  tl 
,      1.0ft 
.J  ],09 

,S5 

1,2U  1  1.31 
1.2a     1.55 
J.ao  '  1.58 

0.7^^ 

.7 

0  5    ||  17 

Loa 
Loa 
L<i:]t 

0.  sa 

3 

.45  1    18 

kii 

3. ... 

II       

'''\\'' 

.5        20 

.48    1  21 

,45 

4 - 

.J  Koe 

.m 

itse  1  1.5 

.8 

iJiu 

.45 

fi ,,.. 

.1  i.a« 

.7ti 

1,28  1  1.5.'-. 

.97 

i.m 

.5 

B,, -,.-.,. 

-    hm 

71 

1.28     Hi5 

1.0 

.45    1  22 

..=57 

7......... 

.}  IM 

.m 

L22  '  1.61 

1.0 

.4     1  23 

L2A 

.67 

» 

..\  1.0fl 

JS.% 

l.}9  1  1.48 

.95 

1 
.38  ',  24 

hm 

.7H 

fi 

LOG 

-:4 

I.m  1  1.35 
1,05     1.28 
LOG  '  1.15 
L03  1  1.12 

1.1 
LOG 
L12 
1.18 

.34  1    25 

.3     1    26 

Lfl 

I.m 

J,  38 

1    IK 

10......... 

..1  1.05 

1  .H 

U,, 

.28      27 

1  'M 

12 ,. 

.28       28 

l.^ 

tt...- 

-J  L05 

I.m 

.iW     1.08 

1.12 

29 

L3.'J 

14,.-, 

._    1.05 

1.0 

Lll     1.02 

1.05 

'  30 

L27 

n „. 

.  urn 

.•»s 

UU       .92 

.95 

1  31 

L  la 

I«.... 

..    1.02 

.n 

1.08      .9 

.85 

'1 

Miir, !  Apr.  I  May.  Job- 


Oift 


!  V(M 
1  ris 

l^<*    Lr« 
\  2A 

l-l* 
1,7ft 
'  1.7 
I    H[| 

i.su 

L7 

Lse 


|07 


L12 

1.1     . 

LI2 

1.12 

LdS 

LOS 

.73 


75 


\ 
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EpRSESHOE  IRBIOATION  COUFSOSTTB  DITCH  AT  YOAKUK,  OREO. 

This  ditch  was  dug  during  the  latter  part  of  1904,  and  plans  are  being  considered  to 
enlaige  and  extend  it.  It  diverts  water  from  the  left  bank  of  Umatilla  River,  1  mile  above 
Yoakum,  at  Dehaven's  ranch.  No  measurements  were  made  during  1905.  vNo  water  was 
used  after  the  last  of  July. 

BLUSHER  ft  OOVLD  DITCH  KEAR  HOLIV,  OREO. 

This  ditch  diverts  water  from  the  left  bank  of  Umatilla  River,  I J  miles  above  Nolin, 
Oreg.,  and  8  miles  above  Ei'ho. 
Measurements  were  made  in  a  flume  near  the  head  of  the  ditch. 

Discharge  measurements  of  Slusher  <&  Gould  ditch  near  Nolin,  Oreg.,  in  190o. 


Date. 


Hydrographer. 


Area  cf 
section. 


Mean 
velocity. 


Cafo 
hoijTlit, 


i:i.> 
churjTc. 


I 


W.C.Sawyer. 
F.C.Dillard.. 
....do 


August  18 

September  9... 
September  19.. 

September  25 do. 

September  29 do. 

October  4 ! do 

October  10 1 do 

Octolierl? I do 

October  23 do 

October  30 1 do 

November?. do 

November  13 . .  i do 

November  20 . .' do 

December  21 ...  I do 


Square 
Jrrt. 

2.29 

1.23 

.58 
1.14 
1.51 
1.32 
1.55 
1.13 
1.21 
1.18 
1,04 

.59 
1.03 
3.16 


Fed  per 
gfcoiM. 

0.7G 

.40  ) 

.57  1 
.64 
.59 
.44 
.48 
.45 
.47 
.46 
.36 
38 
.75 


Fat 
0.71 
.44 
.30 
.44 
.55 
.50 
.48 
.46 
.49 
.48 
.44 
.30 
.40 
.80 


SccorM- 
fert. 

1.74 
.56 
.31 
.65 
.96 
.78 
.68 
.54 
.55 
.56 
.48 
.21 
.39 

2.38 


IISLE  k  CRAKE  DITCH  HEAR  ECHO,  OREO. 


This  ditch  diverts  water  from  the  right  bank  of  Umatilla  River,  2  miles  below  Nolin. 
Measurements  were  made  in  a  flume  just  below  where  the  ditch  is  crossed  by  the  Oregon 
Railroad  and  Navigation  Company  *s  track 

Discharge  measurements  of  Lisle  ck  Crane  ditch  near  Echo,  Oreg.,  in  1905. 


Date. 


Hydrographer. 


August  18 . . 
August  30.. 
September  9 

September  14 .  .1 do 

September  19 do 

September  25..  I do 

September  29..  I do 

October  9 1 do 

October  12 i do 


W.C.Sawyer 

Sawyer  and  Dillard. 
F.C.Dillard 


Area  cf        Mean  Gage     I      Dis- 

section. I  velocity      hcignt,   I  charge. 


Square 
fret. 

8.  (52 

4.29 

5.72 

5.0l> 

5.64 

5.27 

6.27 

5. 86 

4.37 


Feet  per 
second,  ! 

0.52  I 


.r.5 

1.20  1 

.97  1 

1.16 

1.02 

1.27 

1.17 

.r/j 

Fret. 

1.26 
1.61 
1.43 
1.55 
1  48 
1  68 
1.01 
1,27 


Srrond- 
feei. 

4.50 

2.79 

6.86 

4.92 

6.54 

5.40 

7.99 

6.84 

2.58 
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0HA&LS8  LISLE  DITOH  AT  ECHO,  OREO. 
This  ditch  diverts  water  from  the  left  bank  of  Umatilla  River,  2\  miles  above  Ecbo. 
Discharge  measurements  of  Charles  hide  ditch  at  Edio,  Oreg.j  in  1905. 


Date. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

he^t. 

Dis- 
charp. 

August  18 

August  30 

Septembers... 

W.  C.  Sawyer 

Square 

4.78 
4.86 
11.37 
9.70 
6.24 
5.17 
5.65 
5.58 
5.64 
5.70 
5.93 
5.60 
5.91 
6.25 
6.24 
6.40 
6.51 
6.84 
7.01 
7.66 
7.48 
7.57 
7.14 

Feet  per 
second. 

2.98 

.18 

.42 

.51 

.49 

.47 

.43 

.44 

.4 

.45 

.32 

.38 

.32 

.32 

.29 

.25 

.24 

.24 

.24 

.20 

.21 

.24 

.24 

Feet. 
a62 
.64 
1.31 
1.16 
.81 
.71 
.76 
.77 
.78 
.79 
.80 
.80 
.82 
.87 
.88 
.87 
.90 
.91 
.96 
1.01 
LOO 
LOO 
.96 

Secmi- 
ftft. 

F.  C.  Dillard 

.* 

do 

t:4 

September  19. . 
September  25. . 
October  4 

...do 

i* 

do 

IQ4 

do 

144 

October  7 

.do 

141 

Octoljer9 

...do 

144 

October  12 

do 

1? 

Octol)er  17 

do 

253 

October  21. 

.do 

I.w 

October  23 

..  .do 

lis 

OctoJjer26 

do 

l.« 

Oetol)er30 

do 

L* 

November  2. .  . 

.do 

l< 

November  7 . , . 

do 

IJ 

November  10 . . 

do 

Lit 

November  13  . . 

do 

Lflt 

November  16  . . 

...do 

L« 

November  21  , . 

do 

L5 

November  23  . . 

do 

L£ 

December  5  . 

.do. 

le 

December  12... 

do 

in 

EEKKIETTA  MILL  DITOH  AT  ECHO,  OBEO. 

This  ditch  diverts  water  from  the  right  bank  of  Umatilla  River,  2  miles  above  Echo. 

The  water  was  formerly  used  to  furnish  power  for  the  Henrietta  flour  mill  in  Echo.  M 
present  a  portion  of  the  water  is  used  for  irrigation  and  the  remainder  wasted  into  the  rim 
below  the  mill. 
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Distharge  measurements  of  Henrietta  miU  ditch  at  Echo,  Oreg.,  in  1906. 


Date 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

aa«e 
height. 

Dis- 
charge.  ^ 

At«ustl8 

August  19 

W.  C.  Sawyer     .       ..                             

6.47 
5.56 
a55 
2.99 
2.95 
2.16 
1.45 
1.30 
1.09 
1.04 
.79 
.70 
.66 
.55 
3.00 
2.87 
2.75 
2.55 
2.43 
2.51 
2.5 
1.85 
1.19 
1.17 
7.38 
7.2 

Feet  per 
second. 

0.80 

.92 

.40 

.42 

.60 

.51 

.4 

.38 

.38 

.36 

.33 

.21 

.23 

.40 

.42 

.35 

.30 

.31 

.3 

.27 

.26 

.21 

.23 

.21 

.77 

.78 

Feet. 
1.19 
1.14 
.69 

Second- 
feet. 

5.20 

do 

5.10 

August  30 

September  8. . . 
September  23. . 
September  25. . 
October  4 

Sawyer  and  Dillard 

1.42 

F.  C.  Dillard 

1.26 

do 

.79 
.67 
.57 
.55 
.52 
.60 
.43 
.40 
.40 
.40 
.80 
.80 
.77 
.73 
.70 
.74 
.70 
.63 
.48 
.50 
1.61 
1.57 

1.76 

do 

1.11 

do 

.58 

October? 

..  ..do.. 

.49 

October  9. 

do 

.41 

October  12 

do 

.37 

October  17 

do 

.26 

October  21 

..      do..    . 

.15 

October  23. 

do 

.15 

October  26 

do 

.22 

October  30 

do 

1.27 

NoTember  2 

do 

1.01 

November  7  . . . 

do 

.83 

November  10 . . 

do 

.78 

November  13 

.      do 

.73 

November  16 

do..                            .                     

.69 

November  21  .. 

do 

.64 

November  24  . . 

do 

.38 

December  5 

.     .do 

.27 

December  12. 

do .                

.25 

December  21 . . . 

do 

.5.66 

December  27... 

do 

5.58 

Disduurge  measurements  of  Henrietta  mill  ditch  wasteway  at  Echo,  Ore^.,  in  1906. 


Date. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

August  19 

W.  C.  Sawyer 

Sauare 

2.35 

2.52 

2.06 

.49 

2.19 

1.84 

1.49 

1.11 

.89 

.65 

.55 

.46 

1.98 

2.14 

1.78 

1.34 

1.56 

1.81 

Feet  per 
second. 

e.46 

.47 

.39 

.37 

.44 

.35 

.27 

.23 

.19 

.20 

.18 

.13 

.38 

.30 

.28 

.Zb 

.19 

.11 

Feet. 

Second- 
feet. 

1.05 

August  30 

Sawyer  and  Dillard 

0.53 
.44 

1.19 

September  8. . . 

.8 

September  23 . . 

F.  C.  Dillard 

.18 

September  23. . 

do 

.50 
.44 
.34 
.28 
.19 
.19 
.12 
.13 
.45 
.44 
.39 
.33 

..■w 

.42 

.96 

September  26 . . 

do 

.65 

October  5 

do 

.46 

October  10 

do 

.26 

October  13 

do 

.17 

October  17 

do 

.13 

October  21 

do 

.10 

October  24 

do                  .                                  .      .  .. 

.06 

October 30...  . 

..do 

.75 

November  3  . . . 

do 

.64 

November  8  . . . 

do 

.49 

November  13   . 

..  .do.                 .                ..           

..ta 

November  16  . . 

do 

..TO 

November  24 . . 

do 

.19 
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WIL80V  4  00/8  DITCH  AT  EOHO,  ORSO. 

This  ditch  diverts  water  from  the  right  bank  of  Umatilla  River  2  miles  above  Echo,  jwsx. 
below  the  Henrietta  mill  diversion. 
Measurements  were  made  about  500  feet  below  the  waste  gate. 
The  ditch  was  dug  during  1904. 

Discharge  mewntremenU  of  WiUon  <&  Co.^s  ditch  at  Echo,  Oreg.,  in  1905. 


pAtr. 


Hydrographer. 


August  18 !  W.  C.  Sawj'er 

August  19 \ do 

August  30 Sawyer  and  Dillard . 

Septembers...    F.  C.  Dillard 

September  23. do 

September  25 do 

Octolwr^ 1 do 

October  7 ' do 

October  9 ; do 

October  12 do 

October  17 ' do 

October  21 ' do 

October  23 ' do 

October  26 ' do 

October  30 | do 

Noveml)er  2  ...' do 

Noveml)er  7  . . . ' do 


Area  of 
section. 

Mean 
velocity. 

hpijfht.  1  cbanpe. 

X" 

Feet  per 
second. 

Feel. 

feet. 

.     7.4 

0.73 

2.07 

5.41 

6.58 

.76 

1.84 

4.96 

2.43 

.20 

1.22' 

.4R 

3.25 

..« 

1.50 

2.J5 

a98 

.38 

2.30 

3.41 

8.64 

.37 

2.19 

3.15 

4.13 

.32 

1.64 

LC 

5.00 

.33 

1.75 

L«B 

5.45 

.35 

1.82 

1.93 

5.33 

.86 

2.80 

4.56 

5.72 

.37 

1.91 

2.11 

4.73 

.32 

1.72 

La 

4.28 

.31 

i.a«i 

1-34 

4.94 

.34 

1.77 

Las 

5.40 

.34 

L81 

1.86 

4.57 

.32 

1.72 

1.47 

4-flO 

.31 

1.70 

1.4? 

ALLEN  DITOH  AT  ECHO,  ORSO. 

This  ditch  diverts  water  from  the  left  bank  of  Umatilla  River  1  mile  above  E^cho. 
During  the  latter  portion  of  1905  a  portion  of  the  water  was  wasted  into  the  Piwieer 
ditch  and  some  into  the  river. 

Measurements  were  made  one-eighth  mile  l)elow  the  head  gate. 

Discharge  measyremenis  of  Allen  ditch  at  Echo,  Oreg.f  in  1905. 


Date. 


Hydrographer 


W.  C.  Sawyer 

Sawyer  and  Dillard. 

F.  C.  Dillard 

do 


August  19 

August  29 

Septeml)er8.. 
September  16. 

Septemlier  19.. i do 

September  23.  .1 do 

September  25.. I do 

September  30. .'  SaAvyer  and  Dillard. 

October  4 1  F.  C.  Dillard 

Octoljer7 ' do 

October  9 ' do 

October  12 ' do 

Octolwr  17 do 

October  21 do 


Area  of 
section. 

Mean 
velocity. 

hci^. 

Dis- 
charge. 

X" 

Feet  per 
second. 

Feet, 

Second- 
feet. 

10.73 

0.65 
.58 
.76 
.57 

6.97 

14.80 

a57 

14.84 

11.21 

5. 52 

0.42 

3.14 

4.97 

.62 

.41 

3.07 

12.66 

1.34 

.99 

16.  S8 

13.30 

1.29 

1.0 

17.30 

15.71 

1.47 

1.07 

23.13 

15.30 

1.42 

l.Ol 

21.64 

11.96 

1.05 

.69 

12.5a 

11.81 

1.0 

.68 

11.85 

11.76 

1.02 

.67 

1L97 

11.05 

1.04 

.66 

11.51 

11.65 

1.04 

.65 

13.11 
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IHseharge  measurements  of  Allen  ditch  at  EchOf  Oreg.,  in  1905 — Continued. 


Date. 


Hydrographer. 


Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

V 

Feet  per 
second. 

Feet. 

11.57 

1.05 

0.63 

16.21 

.74 

1.17 

15.88 

.75 

1.15 

16.04 

.76 

1.14 

15.88 

.74 

1.16 

15.54 

.73 

1.15 

15.92 

.75 

1.17 

15.93 

.75 

1.16 

17.06 

.68 

1.29 

15.44 

.79 

1.12 

25.90 

.30 

.92 

13.12 

.26 

.92 

15.89 

.97 

1.21 

Dis- 
cbarge. 


October  24.... 

October  27 

October  31 

Novcraber  3 . . 
November  8 . . 
November  11 . 
November  14 . 
November  17  . 
November  21  . 
November  24 . 
December  5... 
December  13.. 
December  21.. 


F.  C.  Dillard. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


Second- 
feet. 

12.17 

12.08 

11.94 

12.14 

11.70 

11.52 

11.97 

11.89 

11.55 

12.17 

7.76 

3.44 

15.40 


Discharge  measurements  of  Allen  ditch  wasteway  at  Echo,  Oreg.,  in  1905. 


Date 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Feet. 

Dis- 
charge. 

September  23. . 
September  30. : 

F.  C.  Dillard 

Square 
Jeet. 

1.23 

2.74 

2.64 

2.54 

2.35 

2.86 

2.66 

2.58 

2.65 

1.80 

1.78 

1.79 

2.41 

4.86 

5:21 

Feet  per 
second. 

0.10 

1.18 

1.13 

.94 

.97 

1.03 

.94 

.90 

.91 

.18 

.12 

.21 

.48 

2.23 

1.71 

Second- 
feet. 

0.12 

Sawyer  and  Dillard 

3.24 

Octobers  .     .. 

F.  C.  Dillard 

2.98 

October  7 

..do 

2.40 

October  9 

do 

2.28 

October  12 

do 

2.94 

October  18  ..  . 

.do         .                                       

0.48 
.48 
.47 
.25 
.25 
.36 

2.53 

October  21 

do 

2.31 

October  24 

do 

2.42 

October  26 

do 

.32 

October  31 

do 

.22 

November  2 ... 

....do 

.37 

December  13... 

do 

1.17 

December  21 . . . 

do 

.81 
.80 

10.08 

December  27. . 

.do                                        

8.89 

1 

HIKKLE  DITGH  AT  ECHO,  OREO. 

This  ditch  diverts  water  from  the  left  bank  of  Umatilla  River  1  mile  above  Echo.  The 
ditch  was  dry  during  August,  September,  and  most  of  October.  Measurements  were 
made  at  a  wagon  bridge  just  below  the  waste  gate.  The  waste  is  so  arranged  that  water 
may  be  turned  into  the  Allen  ditch  or  the  Allen  ditch  wasteway. 
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Discharge  measurements  ofUinkle  ditch  at  Echo ^  Oreg.y  in  1905. 


Date. 

Hydrogrkpher. 

Area  of 
section. 

Mean 
velocity. 

Feet  per 
second. 

0.81 
.79 
.71 
.69 
.76 
.83 
.74 

1.00 
.95 
.93 
.97 
.97 

b€^. 

Feet. 
1.36 
1.39 
1.39 
1.33 
1.50 
1.52 
1.52 
1.74 
1.74 
1.76 

i.eo 

1.71 

Dtt- 
charge. 

October  27 

F.  C.  Dlllard 

Square 

7.27 
7.97 
9.37 
8.24 
10.13 
11.69 
10.83 
13.60 
13.91 
13.67 
11.73 
13.28 

Second- 
feet. 

October 31...   . 

.do 

e.29 

do 

a® 

Noveml)er8. .. 

do 

5.71 

Nowmber  10 . . 

do 

do 

do 

7.n) 

8.00 

November  21 . . 

do 

13.  IS 

November  23 . . 

do 

13.24 

November  30. . 

do 

12.® 

do 

11.40 

December  27... 

do 

12-87 

FIOHSSE  DITCH  AT  ECHO,  OKEO. 

Thi.s  ditch  diverts  water  from  the  left  bank  of  Umatilla  River  west  of  the  city  of  Eiclio. 
All  of  the  water  during  the  latter  part  of  September,  October,  and  November  was  wast<?  from 
the  Allen  dit<^h.  During  December  a  small  portion  of  the  water  came  directly  from  the 
river.  Measurements  were  made  from  the  wagon  bridge  just  below  the  Allen  ditch  wast<^ 
way. 

Discharge  measurements  of  Pioneer  ditch  at  EchOy  Oreg.y  in  1905. 


Date. 

Ilydrographer. 

Area  of 
section. 

Square 
feet. 

630 

2.52 

6.62 

6.16 

6.05 

6.78 

7.85 

8.73 

9.26 

9.47 

3.92 

4.32 

3.10 

10.31 

10.28 

11.40 

9.71 

10.80 

10.66 

12.65 

4.42 

3.;«) 

Mean 
velocity. 

hel^. 

I>i»- 
cbargc. 

September  23 . . 

F.  C.  Dillard 

Feet  per 
second. 

0.66 
.82 
.94 
.84 
.09 
.74 
.84 
.89 
.84 
.81 
.67 
.61 
.62 
.81 
.83 
.85 
.80 
.85 
,86 

1.03 
.58 
.60 

Feet. 

0.94 

.51 

1.09 

.95 

.84 

.91 

1.09 

1.18 

1.23 

1.26 

.70 

.76 

.60 

1.32 

1.36 

1.48 

1.34 

1.43 

1.43 

1.58 

.74 

.73 

Second- 
feet. 
4.14 

September  25.. 
September  30.. 

do 

1.31 

Sawyer  and  Dillard 

.     6.22 

October  5 

F.  C.  Dillard 

5.30 

October  7 

do 

3.  .-50 

October  9. 

.do 

4.25 

October  12...  . 

do 

6.63 

Octolxsr  18 

do .' 

7.  r? 

October  21 

do 

7.74 

October  24. 

do 

7.f4 

October  26 

do 

2X2 

October  31 

do 

2.e2 

November  2 . . 

.  ..do .  .            

1.61 

November  8. . . 

do 

8.34 

November  10 . . 

do 

8.52 

November  14 . . 

do 

9.« 

November  16 . . 

do 

7.78 

Novemlwr  21 . . 

do 

8.t3 

November  23 . . 

do 

9.13 

December  13 

do...          .                           

12.98 

December  21 

..do 

2.54 

December  27. 

..  ..do : 

1.71 
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MAXWELL  DITCH  AT  ECHO,  OREO. 

This  ditch  diverts  water  from  the  left  bank  of  Umatilla  River  2  miles  below  Eeho.  M«ii»- 
uremeots  were  made  1,000  feet  below  the  head  gate.  At  a  point  1  mile  below  the  head  tlie 
water  is  carried  under  the  river  in  a  siphon  and  the  surplus  wasted  into  the  river. 

Discl^arge  measurements  of  Maxwell  ditch,  at  Echoy  Oreg.,  in  1906. 


Date. 


Uydrographer. 


Apgost  8 '  Sawyer  and  DUIard . 

AogUftaO I  F.C.  Dillard 

Septonber  8. . .  ■ do 

September  IG do 

September  19 do 

September  25 do 

September  30.. j  Sawyer  and  Dillard.. 

Octobers F.  C.  Dillard 

October  7 do 


October9... do 

October  12 do. 

October  18 do! 

October  21 do. 

October24 ..do. 

October26 do. 

October  31 do. 

NoTember2 do. 

November  8 . . .  t do. 

November  10.. do. 

November  14 do. 

November  16 . . ! do . 


November  21 . 
November  23 . 
December  13.. 
December  21 . . 
December  27.. 


.do. 
.do. 
.do. 
.do. 
.do. 


Area  of 
section. 


Square 
feet. 

2.36 

1.68 

1.09 

3.02 

2.81 

3.22 

6.70 

8.02 

6.72 

6.34 

6.32 

5.78 

5.92 

5.73 

5.16 

4.92 

4.93 

5.00 

4.40 

4.33 

4.34 

4.07 

4.13 

2.72 

2.09 

1.97 


Mean 
velocity. 


Gage 
height. 


Dis- 
charge. 


Feet  per 
second. 

0.68 

.39 

.91 

.96 

.80 

.92 

1.48 

1.70 

1.48 

1.51 

1.5 

1.43 

1.45 

1.44 

1.45 

1.28 

1.25 

1.18 

1.20 

1.21 

1.24 

1.16 

1.12 

.83 

.67 

.57 


Feet. 


■| 


0.52 
.47 
.52 
1.02 
1.24 
1.00 


Second- 
feet. 

1.61 

.49 

.99 

2.89 

2.25 

2.96 

9.90 

13.65 

9.92 

9.61 

9.46 

8.25 

8.62 

8.25 

7.48 

6.28 

6.19 

5.92 

5.30 

5.23 

5.38 

4.72 

4.64 

2.26 

1.39 

1.13 


Discharge  measurements  of  MaxweU  ditch  wasteway  at  Echo,  Oreg.,  in  1005. 


Date. 


Uydrographer. 


Octobers F.C.  Dillard. 

October  10 1 do 

October  13 do 

October  18 do 

October  21 do 

October  24 do 

October  28 do 

October  31 do 

November  2 do 


Dis- 
charge. 

Second- 
feet. 

1.02 

l.U 

1.21 

1.14 

1.28 

1.30 

1.40 

2.29 

2.07 
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HEKMI8T0V  DITCH  HEAR  HSRMISTOV,  OKEO. 

This  ditch  diverts  water  from  the  right  bank  of  Umatilla  River,  5  miles  below  Fosters, 
Oreg.     Measurements  were  made  just  below  the  head-gate  and  below  the  second  wast«  gate. 

Discharge  measurements  of  Hermiston  ditch  below  head-gate  near  Hermiston,  Oreg.,  in  IdiCj. 


Gace     I      Dls- 
heignt.  i  chAf^. 


Date 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

Feet  per 
second. 

0.6 

1.24 

.81 

.79 

.86 

.88 

.85 

.84 

.82 

.89 

.93 

.9 

.8 

.78 

.79 

.81 

.8 

.77 

.77 

.81 

.77 

August  9 

W.  C.  Sawyer. 

Square 
feet. 

6.53 
19.15 

8.89 
11.31 
13.02 
13.35 
13.1 
13.99 
13.28 
13.86 
13.22 
12.65 
13.09 
14.31 
13.95 
14.00 
13.94 
13.83 
14.33 
14.02 
13.82 

September  15.. 

F.  C.  Dillard 

September  22. . 

do 

September  27. . 

do 

Septeml)er  30. . 

Sawyer  and  Dillard 

October  3 

F.  C.  Dillard 

October  6 

do 

Octoljerll 

....do 

October  14 

do 

October  20 

do 

October  25 

do 

Octol)er28 

do 

Noveml)er  1 . . . 

....do 

Noveinl>er  3. . . 

do 

NovomlwrU 

do 

November  15. . 

do 

Noveml:er  18. . 

do 

Novemlier  22. . 

do 

November  25. . 

do 

December  0 

do 

Dcceml)er  14.. 

do 

Feet. 


0.21 
.30 
.48 
.49 
.49 
.50 
.54 
.50 
.48 
.47 
.47 
.53 
.52 
.55 
.54 
.54 
.56 


Seeomd- 
feet. 

3.92 

21» 
7.20 
&» 

11.14 

11.:: 
ii.ij* 

ll.W 
10.90 

12.  a 
12.  i»* 
II. % 

11.16 
11.10 
10. » 
11.30 
11.16 
10.63 
10.99 
11.31 

10.  eo 


Discharge  measurements  of  Hermiston  ditch  below  second  uxisteway  near  Hermistont  Oreg.,  in 

1905. 


Date. 


August  9 

September  22.. 
September  27 . . 
Septemljer  30.. 

October  3 

October  0 

Octolwr  11 do. 

OctolKTH.....! do. 

OrUilM'raiJ ! do. 

(><Tttilinr  2,1 do. 

OctoU*r  2H,,,.    do. 

N**vt'iiit«^r  1 .-.' do. 

jVrivf'ihtiipr  .l...i do. 


Hydrographer. 


W.  C.  Sawyer. 

F.  C.  Dillard 

....do 

Sawyer  and  Dillard. 

F.  C.  Dillard 

....do 


Area  of 
section. 


Mean 
velocity. 


Gage 
height. 


Square 
feet. 

4.25 

4.74 

3.15 

4.22 

4.75 

5.50 

3.76 

2.93 

5.78 

5.69 

5.31 

4.73 


2.60  I 


I  Feet  per 
I  second.  , 

0.62 

I         '-30  1 

I  1.12  I 

I  1.31  I 

1.34  I 

1.48  ! 

1.09  I 

1.01  I 

1.50  I 

1.48  I 
1.44 

1.21  ' 

.99  I 


Feet. 


0.45 
.30 
.45 
.50 
.65 
.35 
.28 
.70 
.70 
.62 
.50 
.20 


Dts- 
chargf. 


Second- 
feet. 

2.n 

6.17 
3.M 
5. 55 
6.38 

8.17 
4.10 
2.9r. 

8.<2 
7.66 
5.73 
2.» 
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BEITLE  DITCH  ITEAK  HEKKI8T0H.  OKEO. 

This  ditch  is  now  owned  by  D.  C.  Brownell,  and  diverts  water  from  the  right  bank  of 
Imatilla  River  west  of  Henniston.     Measurements  were  made  just  below  the  waste  gate. 

Discharge  measurements  of  BeiUe  ditch  near  HermistoUj  Oreg.,  in  1905. 


Date. 


Hydrographer. 


August  9 

September  15 . .    F.  C.  Dillard. . 

October  3 do 

(Moberll do 

October  14 do 

October  30 do 

October  25 do 


Area  of 
section. 

Mean 
velocity. 

Square 
Jeet. 

Feet  per 
second. 

1.87 

0.52 

1.76 

.61 

1.04 

.163 

1.35 

.40 

1.30 

.45 

2.03 

.69 

.74 

.95 

Gage 
height. 

Dis- 
charge. 

Feet. 

Second- 
feet, 

0.96 

0.71 

1.08 

.50 

.17 

.63 

.54 

.64 

.62 

.81 

1.40 

.46 

.07 

OKEOOV  LAITD  AHD  WATSB  COKPAHyS  DITGH  AT  UllATILLA,  ORSO. 

This  ditch  diverts  water  from  the  left  bank  of  Umatilla  River  2  miles  above  Umatilla. 
Measurements  were  made  opposite  the  river  gaging  station  below  the  upper  flume  and 
waste  gate,  one-fourth  mile  below  the  diversion  point.  The  gage  was  read  every  other  day 
by  B.  V.  Pompella  and  Clyde  E.  Niles. 

Disgorge  tneasuremenis  of  Oregon  Land  and  Water  Company's  ditch  at  Umatilla^  Oreg.j  in 

1906. 


Date. 


Hydrographer. 


February  28. . .    J.  H.  Lewis 

March  27. I do 

April  10 do 

May  12. |  W.C.Sawyer.. 

July  19 do 

September  15 . .    F.  C.  Dillard. . . 
September  26 . .    W.  C.  Sawyer. . 

October25 R,  8.  HaU 

November  4 . . .    F.  C.  Dillard. . . 
November9 do 


Area  of 
section. 

Mean  ; 
velocity. 

Square 

Feet  per 
second. 

15.8 

1.74 

14.6 

1.50 

16.1 

1.84 

17.6 

2.05 

12.4 

1.47 

12.5 

1.28 

10.0 

1.19 

10.3 

.90 

9.2 

1.09 

Gage 
height. 


Feet. 
2.00 
1.87 
2.00 
2.13 
1.83 
1.83 
1.65 
.75 
1.53 
1.54 


Dis- 
charge. 

Second- 
feet. 

27.5 

22.9 

29.6 

36.1 

18.2 

16.0 

12.7 

0.0 

9.8 

9.4 


I 
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Daily  gage  height^  in  feet  of  Oregon  Land  and  Water  Comjnny^s  diUh  at  Umatilla^  Oreg.,f<sr 

1906. 


Day. 

Mar. 

Apr. 

May. 

June. 
2.35 

July. 

Aug. 

Sept. 

Oct.   , 

Nov. 

1 

1.8 

1.8 

1.8 
1.8 



2.0 

2.0 

2.4 

1.73 

1.7 

1.7 

1.72 

1.72 

1.72 

1.67 

1.75 

1.7S 


1.71 

1.7 

1.7 

1.7 

"l.V 

1.7 

1.71 

1.6S 

2.               

1.95 

i.a 

3 

2.16 

2.4 

1.73 

1.71 

1 

4 

1.9 

i.*j 

5 

2.15 

2.2 

1.75 

1.55  j 

6 



1.95 

La 

7 

2.16 

2.0 

1.75 

1.57 
1 

8 

1.95 

2.0 

2.16 

I.S 

9 

2.4 

1.95 

1.77 

1.57  1 

10 

2.0 

2.0 

2.15 

l.€ 

11 

2.4 

1.9 

1.77 

I.W 

12 

2.0 

2.0 

2.15 

l.€ 

13 

2.25 

1.9 

1.77 
1.9 

l.«' 

14 

2.0 

2.0 

... 

Lff 

15 



2.1 

1.85 

16 

1.85 

2.0 

2.15 

17 

2.4 

1.85 

1.88 

; 

18 

1.85 

2.0 

..8 

19 



2.4 

1.83 



1 

20 

1.85 

1.95 

2.05 

21 

2.4 

1.83 

1.68 

22 

1.85 

2.1 

2.05 

23 

2.4 

1.82 

1.65 

i 

24 

1.9 

2.1 

2.4 

i 

25 

2.4 

1.8 

1.67 

26 

1.9 

1.87 

1.9 

1.9 

1.85 

2.1 

2.2 

27.              

2.35 

1,79 

1.68 

28 

2.1 

2.3 

1 

29 

2.4 

1.81 

1.68 

1 

30 

2.1 

2.4 

31 



1.8 

1.53 



a  Dry  October  1+-30. 

Station  rating  table  for  Oregon  Land  and  Water  Company^s  ditch  at  Umatilla^  Greg.,  fro 

January  1  to  December  31  ^  1905. 


A- 1  '"*•""«'■ 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

DiBchaigp. 

Frel.     \  Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.75 

0.0 

'        1.20 

3.2 

1.70 

14.5 

2.20 

41.0 

.80 

.1 

1      i.:» 

4.5 

1.80 

18.5 

2.30 

50.0 

.90 

.5 

1        1.40 

0.3 

1.90 

23.1 

2.40 

60.0 

1.00 

1.2 

1        1.50 

8.5    i 

j        2.00 

28.2 

2.50 

73.0 

1.10 

2.1 

l.GO 

11.1 

2.10 

34.0 

The  al)ove  tablf  is  applicable  only  for  open-channel  conditions.    It  is  based  on  ten  discbarge  roeis- 
urements  made  during  1905.    It  is  well  defined  l>etween  gage  heights  1.65  feet  and  2.1  feet. 
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Estimated  monOdy  discharge  of  Oregon  Land  and  Water  Company  8  ditch  at  UmatiUay  Oreg., 

for  1905. 


IfAnd) 

April 

May 

Jane 

July 

August 

September. 

October 

November. 


Month. 


Discharge  In  srcond-feet. 


Maximum.    Minimum.      Mean. 


28.2 
34.0 
60.0 
60.0 
60.0 
17.1 
23.1 
14.9 
13.4 


19.6 
18.5 
18.5 
34.0 
18.1 
13.4 
12.7 
0 
9.2 


23.8 
27.5 
36.9 
52.2 
26.8 
15.0 
16.6 
4.89 
10.8 


The  period . 


ToUl  in 
acre-feet. 


1,463 

1,636 

2,269 

3,106 

>1,648 

922 

988 

301 

300 

12,630 


NoTK.— Mean  for  actual  number  of  days  recorded  taken  as  the  mean  for  the  entire  month. 

BROWHSLL  DITCH  AT  UXATILLA,  OBEO. 

This  ditch  diverts  water  from  the  right  bank  of  Umatilla  River  1 J  miles  above  Umatilla, 
Oreg.,  and  a  few  hundred  feet  below  the  river-gaging  station.  Measurements  were  made 
below  the  Oregon  Railroad  and  Navigation  Company's  sidetrack. 

Discharge  measurements  ofBrowneU  ditch  at  UmaiiUa,  Oreg.,  in  1905. 


May  12. 
September  26. 


.  C.  Sawyer, 
.do. 

October 25 R.  8.  Hall. 

October  28 '  F.  C.  Dlllard. 

November  1 do 

November  3 . . .  j do 

November  9  . . .  | do 

November  15  . . , do 

November  18  ..' do 

November  22 do 

November  25    .' do 

December 6.... I  R.S.Hall 

December  14... I  F.  C.  DHIard 

December  20. .  .1  Dillard  and  Hall. 


Area  of 
section. 

Mean 
velocity. 

Feet  per 
second. 

Square 
feet. 

7.50 

0.73 

3.80 

1.03 

3.28 

.65 

2.95 

.58 

2.79 

.50 

Gaee     '      Dis- 
helgnt.  I  charge. 


Feel. 


2.77 
a06 
3.06 
3.06 
3.09 
3.08 
3.28 
.^28 
3.47 


.51 

.64  I 
.65  I 
.65  I 
.63  ' 
.64  I 
.82  I 
.68 
.74  I 


1.17 
1.05 
1.05 
1.02 
1.00 
1.09 
1.09 
1.09 


1.11 
1.12 
1.14 


Second- 
feet. 

5.50 

3.90 

2.13 

1.72 
1.41 
1.41 
1.95 
1.98 
1.98 
1.96 
1.98 
2.70 
2.23 
2.58 


BOWMAH  DITCH  AT  UHATILLA,  OREO. 

This  ditch  diverts  water  from  the  right  bank  of  Umatilla  River  one-half  mile  above 
Umatilla.  December  20,  1905,  a  dischai^e  measurement  made  by  Dillard  and  Hall  gave 
a  discharge  of  0.33  second-foot. 

SPRINGS  IV  UMATILLA   RIVER    VALLEY. 

The  following  discharge  measurements  were  made  in  1905,  by  F.  C.  Dillard,  of  springs 
m  Umatilla  River  Valley: 

Gillette  Springs  outlet,  near  Elcho,  Oreg.,  October  2,  1.95  second-feet. 

Cold  Springs,  near  Hermiston,  Oreg.,  September  27,  1.65  second-feet;  October  6,1.50 
socond-fcet. 

IRB  178—06 14 
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202  STREAM    MEASUREMENTS   IN   1905,   PART   XIV. 

WILLOW  CREEK  DRAINAGE  BAvSIN. 

I>ESCRII»TION  OF  BASIN. 

Willow  Creek  rises  on  the  northern  slopes  of  the  western  spur  of  the  Blue  Mountains  ajxi 
flows  northwestward,  entering  Columbia  River  at  Willows,  Oreg. 

WILLOW  CREEK  NEAR  ARLINGTON,  OREG. 

This  station  was  established  December  17,  1904.  It  is  located  at  the  wagon  bridgi^  t: 
Rhea  Siding,  9  miles  from  Arlington,  Oreg.  The  station  is  maintained  as  a  flood  statioa 
and  misccjllaneous  measurements  only  are  made  during  the  summer  season. 

The  channel  is  curved,  but  in  high  water  is  fairly  straight  for  100  feet.  Both  banks  en- 
high  and  clean  and  overflow  but  rarely.  The  bed  of  the  stream  is  composed  of  rocks  &iifl 
gravel  and  is  free  from  vegetation  and  permanent.    There  is  but  one  channel. 

Discharge  measurements  are  made  from  the  bridge  or  by  wading. 

A  vertical-staff  gage  is  fastened  to  a  bent  of  the  bridge.  During  1905  the  gage  was  read 
once  each  day  by  C.  II.  Curtis. 

Discharge  measurements  of  Willow  Creek  near  Arlington  ^  Oreg.y  in  1905. 


Date. 

Hydrographer. 

March  16 

W.  C.  Sawyer 

March  26    .  .  . 

J.  H.  Lewis 

April  9 

do 

May  31 

W.C.Sawyer 

May  31 

do 

May  31 

.  ..do 

August  17.     .   . 

....do 

October  24 

Sawyer  and  Hall 

December  19 

Hall  and  Dillard  .  . 

Width 


I  Area  of  |     Mean 
j  section,    velocity. 


Gaee 
heif£t 


I     Di»- 
t.     charpf. 


Feel. 
12 
27 
24 
14 
18 
14 
5 
4 
9 


Note.— These  measurements  were  made  at  different  sections. 


Square 
Jeet. 

Feet  per 
second. 

8 

2.21 

25 

2.26 

28 

2.46 

56 

2.82 

63 

2.98 

46 

2.19 

1.5 

.85 

2.3 

1.59 

6.5 

1.79 

Feet. 
3.38 
a77 
a85 

4.40 
4.50 
4.18 

aoD 

3.11 
a29 


Seccmd- 
feti. 

56 

9 
157 
\^ 
113 
1.3 

i: 


Daily  gage  height^  in  feet,  of  Willow  Creek  near  Arlington,  Oreg.,  for  1905. 


-  —  — 

— 

—  — 

-  



— 

, 

' 

Day. 

Mar. 

Apr. 

yay. 

June. 

July. 

Aug. 

Day. 

iMar, 
1 

Apr. 

May. 

June. 

July. 

.it* 

1 

3.7 
3.7 
3.7 
3.0 
3.6 
3,6 
3.0 
3.5 
3.5 
3.5 

3.8 

4.0 

4.1 

4.1 

4.0 

3.95 

3.9 

a9 

3,85 
3.85 

2.9 

2.8 
2.8 
2.9 
2.8 
2,8 
2.8 
2.8 
2.8 
2.8 

3.75 

3.75 

3.7 

3.7 

3.7 

3.7 

ao 
ao 
ao 
ao 
ao 
ao 

ao 
ao 

2.8 
2.8 
2,8 
2.9 

ao 
ao 
ao 
ao 

1,7 

i  18 

19 

20 

21 

22 

23 

24 

25 

2« 

..Ia7 
..1   a7 
..1  a7 
..    a8 
..    a8 
..    a8 
..    a8 
..    a9 

..'     4.0 

..1  a9 

a4 

a5 

a4 

a35 

a35 

a3 

ai 

ao 

ao 

ao 

a25 

a25 

as 

as 

as 

as 

a2 

a2 

as 

as 

ao 
ao 
ao 
ao 
ao 

2.95 

2.9 

2.8 

5.4 

4.9 

2.9! 
19 

2.8 
2.8 
2.8 
2.8 
2,8 
2.8 
Z8 
18 

Jtf 

2 

3.0 

3 

11 

4             .     . 

11 

5 

0 

3.55  ,  2.8 
3. 45  1  2. 8 
a  45     2.8 

8  

9 

10 

a  45 

ao 

11       

3.5 
3.5 
3.5 

3.85 

3.8 

3.5 

2.8 
2.8 

a  4 

X4 

2.95 
2.9 

2.9 
2.9 
2.8 

27 

..i  a9 

2.9 
2.9 
2.9 

as 
as 
as 

ae 

a45 

as 

18 

18 
19 

12 

28 

•1  '-' 

..|  a9 

13 

2. 8  ■  3.  4    1  2. 9 

14 

3.  5  ,  3.  45 

3.  5  '  3.  3    I  2. 9 

ao 

30 

...   a9 

2.9 

as 

ao 

19 

15 

.3. 0     3.  45 

3, 5     3.  2    1  2. 9 

ao 

31 

..'   a9 

4.33 

10 

16 

3. 0     X  4 

3.  3     3. 2       2. 9 

ao 

1 
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Station  rating  table  for  Willow  Creek  near  Arlington,  Oreg.,  from  March  1  to  AuguM  ^.  1906. 


Gage 
height. 


Feet. 
2.80 
2.90 
3.00 
3.10 
3-20. 
3.30 
3.40 


'  Discharge. 

SeconA-feet: 

0.3  I 

.6  ' 

1.3  I 

3.8  , 

7  i 

13 

20 


Gage 
height. 


Feet. 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 


Discharge. 

1     Gage 
height. 

Second-feet. 

Feet. 

28 

4.20 

38 

4.30 

48 

4.40 

60 

4.60 

73 

4.60 

87    , 

4.70 

103 

4.80 

Discharge. 

1 

Gage 
height. 

Feet. 

Discharge. 

Second-feel. 

Second-feet. 

120    ! 

4.90 

299 

139 

5.00 

333 

160 

5.10 

360 

183 

5.20 

406 

209 

5.30 

445 

237 

5.40 

488 

267    1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  eight  discharge  meas- 
nrements  made  during  1905.  It  is  well  defined  between  gage  heights  3  feet  and  4.5  icct.  The  table  has 
been  extended  beyond  these  limits. 

Efdirtiaied  monthly  discharge  of  Willow  Creek  near  Arlington,  Oreg.,  for  1906. 


Month.  . 


March. 

April 

M*y 

7une 

July 

.\agii8t  1-20. 


The  period - 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean, 


87 
103 
145 
488 
1.3 

a8 


28 
.6 
.3 
.3 
.3 
.3 


50.0 
38.1 
12.3 
45.5 
.67 
1.24 


Total  in 
acre-feet. 


3,074 

2,267 

756 

2,707 

41 

49 

8,894 


JOHN  DAY  RIVER  DRAINAGE  BASIN. 
DESCRIPTION    OF  BASIN. 

John  Day  River  enters  Columbia  River  from  the  south.  For  about  90  miles  above  ita 
mouth  the  river  flows  in  a  northerly  direction  through  a  rolling  country  partly  desert  and 
partly  cultivated  and  comprising,  approximately,  2,000  square  miles.  This  portion  of  the 
river  receives  a  number  of  small  tributaries,  but  only  one  of  importance — Rock  Creek — 
which  joins  the  river  a  mile  above  the  gaging  station  at  McDonald.  The  river  channel  is 
for  the  most  part  several  hundred  feet  below  the  level  of  the  surrounding  country,  and  an 
the  river  bottom  is  narrow  very  little  water  is  used  for  irrigation. 

In  the  upper  section  the  river  flows  in  a  westerly  direction  and  is  joined  by  three  important 
tributaries — North,  Middle,  and  South  forks.  The  first  two  flow  in  a  westeriy  direction 
abo,  but  the  latter  comes  from  the  south.  This  upper  portion  of  the  river  drains  a  country 
much  of  which  is  from  4,000  to  10,000  feet  in  elevation  and  which  includes  the  western 
slopes  of  the  Blue  Mountains.    The  higher  portions  are  still  well  timbered. 

JOHN   DAY  RIVER  AT  M'DONALD,  OREG. 

This  station  was  established  November  14,  1904,  by  W.  C.  Sawyer.  It  is  located  at  the 
ferry  at  McDonald,  16  miles  above  the  mouth  of  the  river  and  18  miles  southwest  of  Arlington, 
Oreg. 

The  channel  is  straight  for  one-half  mile  above  and  below  the  cable.  The  current  is  swift. 
Both  banks  are  high,  free  from  vegetation,  and  do  not  overflow.  The  bed  of  the  stream  is 
composed  of  clean  sand  and  gravel  and  is  slightly  shifting.    There  Ls  but  one  channel  at  all 
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Discharge  measurements  are  made  by  means  of  a  car  suspended  from  the  feny  (»!.l* 
The  car  is  provided  wiih  steel  blocks  and  lever  for  passing  the  ferry  traveler.  Tbc  'm'al 
point  for  soundings  is  the  face  of  the  support  on  the  right  bank. 

An  inclined  stall  gage  in  two  sections  is  fastened  to  old  bridge  timbers  183  feet  upeitR«rj 
from  the  ferry  cable.  The  lower  section  reads  from  1  to  2  feet;  the  upper  section  read*  frao 
2  to  11  feet.  During  1905  the  gage  was  read  once  each  day  by  William  Murray.  Tie 
bench  mark  is  the  top  of  the  corner  stone  under  the  southeast  comer  of  a  bam  near  the  gign 
elevation,  15.32  feet  above  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  heights  and  dischai^ge  data,  is  contained  in  Witci- 
Supply  Paper  No.  135,  United  States  Geological  Survey,  page  268. 

Discharge  measurements  of  John  Day  River  at  McDonald ^  Oreg.y  in  J 905. 


Date. 


February  24. 

March  17 

March  25 

Aprils 

May  10 

May  11 

June  1 

August  Ida,, 


Hydrographcr. 


W.  C.  Sawyer. 

....do 

J.  II.  Lewis... 

do 

W.C.  Sawyer.. 

....do 

do 

....do 


August  17  a do 

October  23 '  Sawyer  and  Hall 

Octol>er 24 1  W.C. Sawyer 


iVidth. 

Area  of 
section. 

Mean 
velocity,  j 

hH^t. 

I>i- 

Feel. 

Square 
Jcet. 

Feet  per  i 
secokd.  1 

Feet. 

Art. 

278 

953 

2.07 

3.20 

l.^> 

285 

1,067 

2.48  1 

3.66 

i«a 

300 

1,214 

2.89. 

4.10 

IJW 

304 

1,252 

3.05  1 

4.28  1 

i:» 

308 

1,393 

3.59  1 

4.70! 

in 

310 

1,368 

3.54' 

4.68 

i,^ 

277 

1,047 

2.27, 

3.58 

1« 

50 

50 

2.14 

1.25 

IT 

58 

48 

2.29  ! 

1.25 

IS 

258 

578 

.60  1 

1.75 

:s> 

258 

556 

••"'l 

1.73 

a 

oMade  at  different  section. 


Daily  gatje  height,  in  fed y  of  John  Day  Riivr  at  McDonald ,  Oreg.,far  1905. 


Day. 


8. 

9. 
10. 
II. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept., 

Oct. 

Nov. 

Dt 

2.5 

2.8 

3.45 

3.8 

3.9 

3.55 

2.6 

1.35 

1.2 

1.5    ' 

1.85 

l.» 

2.83 

2.7 

3.5 

3.75 

4.05 

3.65 

2.37 

1.35 

1.2 

1.52 

1.8 

J.v 

2.5 

2.6 

3..^ 

3.92 

4.0 

3.55 

2.3 

1.3 

1.2 

1.6 

1.8 

l.» 

2.3 

2.  .55 

3.7 

4.15 

4.2 

3.57 

2.23 

1.35 

1.2 

1.6 

1.7 

1« 

2.3 

2.45 

3.8 

4.1 

4.55 

3.65 

2.2 

1.4 

1.2 

1.6 

1.7 

1> 

2.25 

2.45 

3.8 

4.08 

4.55 

3.53 

2.1 

1.35 

1.2    1 

1.55 

1.7 

15^ 

2.2 

2.4 

3.75 

4.15 

4.5 

3.45 

2.02 

1.35 

^-    1 

1.65 

1.75 

!* 

2.0 

2.3 

3.7 

4.3 

4.45 

3.37 

2.0 

1.35 

'' 

1.6 

1.75 

K 

1.9 

2.4 

3.6 

4.35 

4.43 

3.3 

1.93 

1.35 

1.2    1 

1.55 

1.75 

1' 

1.95 

2.3 

3.52 

4.45 

4.77 

3.2 

1.9 

1.3 

1.2    , 

1.55 

1.75 

1* 

1.8 

2.3 

3. 48 

4.4 

4.63 

3.2 

1.8 

1.3 

1.2    ' 

1.6 

1.7 

i:' 

1.8 

2.2 

3.5 

4.2 

4.52 

3.15 

1.75 

1.3 

1.25  1 

1.62 

1.7 

i.to 

1.7 

2.1 

3.5 

4.02 

4.3 

3.12 

1.7 

1.25 

1.25  1 

1.65 

1.75 

It 

1.7 

1.9 

3.52 

3.92 

4.15 

3.13 

1.67 

1.25 

1.48  1 

1.65 

1.75 

i.r 

1.8 

3.<i3 

3.8 

4.05 

3.02 

1.05 

1.25 

1.65 

1.65 

1.75 

ifo 

1.8 

1.8 

3.7 

3.7 

3.97 

2.9 

1.63 

1.2 

1.4 

1.65 

1.75 

i.« 

2.1 

1.9 

3.65 

3.75 

3.9 

2.83 

1.6 

1.2 

1.36  1 

1.65 

1.7 

1: 

2.6 

2.1 

3.72 

3.75 

3.95 

2.78 

1.6 

1.2 

1.3    1 

1.7 

1.7 

l.v 

2.6 

2.25 

4.03 

3.7 

4.08 

2.75 

1.6 

1.2 

1.3    ' 

1.7 

1.7 

1.S 

2.5 

2.8 

4.0 

3.7 

3.97 

2.75 

1.55 

1.2 

1.3    1 

1.7 

1.7 

l.v 

2.4 

2.6 

3.9 

3.8 

3.85 

2.62 

1.55 

1.2 

1.3    1 

1.75 

1.7 

!!• 

2.5 

3.1 

4.2 

3.9:i 

3.8 

2.53 

1.5 

1.2 

1.3     ' 

1.8 

1.8 

1* 

2.4 

3.3 

4.3 

3.92 

3.75 

2.45 

1.47 

1.2 

1.3 

1.75 

1.8 

lA 

1    2.6 

3.2 

4.07 

3.88 

3.07 

2.65 

1.45 

Uigit 

1.2 

zed  by  V 

1.3         1.75 

Zooole 

1.8 

\M 
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DaHy  gage  height^  in  feet,  of  John  Day  River  at  McDonald,  Oreg.,for  1905 — Continued. 


Date 


Jan. 


Feb.  I  Mar. 


25. 

26. 
27. 

28, 
29. 
30 
31 


Apr.     May. 


3.5 

3.3 

3.5 

3.25 

3.4 

3.37 

3.2 

3.5 

3.3 

3.2 

3.3 

4.0  I  3.85  3.6 
4.06  I  3.9  I  3.5 
3.4 
3.35 
3.43 
3.4 


4.0 

4.0 

4.27  . 

4.45 

4.1    i 

4.17 

3.95  , 

3.98 

3.88  ' 

June. 

July. 

Aug. 

Sept. 

Oct. 

2.57 

1.42 

1.2 

1.3 

1.75 

2.5 

1.4 

1.2 

1.35 

1.75 

2.68 

1.4 

1.2 

1.35 

1.75 

2.6 

1.37 

1.2 

1.4 

1.8 

2.6 

1.35 

1.2 

1.4 

1.85 

2.5 

1.35 

1.2 

1.5 

1.9 

1.35 

1.2 

1.9 

Nov.  1  Dec. 


1.8 

1.7 

1.65 

1.6 

1.7 

1.9 


1.68 

1.65 

1.75 

1.88 

1.9 

1.85 

1.8 


Note. — Daring  the  frozen  period  the  ice  was  kept  clear  for  several  hundred  feet  above  and  below  gage 

Station  rating  (able  for  John  Day  River  at  McDonald ,  Oreg.,from  November  14,  1904,  to 

December  31,  1905. 


bei^t. 


Weet. 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1-80 
1.90 
2.00 
2.10 


Discharge. 

Second-feet. 
88  I 
128 
170 
215 
266 
326 
306 
474 
560 
652 


Oage 
height. 

Discharge. 

Feet. 

Second- feet. 

2.20 

750 

2.30 

852 

2.40 

958 

2.50 

1,070 

2.60 

1,183 

2.70 

1,300 

2.80 

1,420 

2.90 

1,543 

3.00 

1,670 

Oage 
:ht. 


heigl 

Feet. 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 


L 


Discharge. 

Second-feet. 
1,798 
1,930 
2,072 
2,219 
2,375 
2,530 
2,711 
2,892 
3,082 


Gaa 
heigl 


Feet. 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 


Discharge. 

Second-feet. 
3,280 
3,486 
3,700 
3,922 
4,154 
4,400 
4,659 
4,930 
5,218 


The  above  table  is  applicable  only  for  open-channel  cc 
ments  made  during  1904-5.    It  is  well  denned  between  gage  heights  1.25  feet  and  4.75  feet. 

Estimated  monthly  discharge  of  John  Day  River  at  McDonald,  Oreg.,for  1904  and  1905, 
[Drainage  area,  8,000  square  miles.] 


Month. 


1904. 

November  14-30 

December. 


1905. 


January 

February.. 

March 

April 

May 

Jane 

July 

Auguat 

September. 

October 

November. 
December.. 


Discharge  in  second-feet. 


Maximum. 


516 
569 

2,375 

2,375 

3,922 

4,275 

5,\M) 

2,024 

1.070 

170 

295 

474 

474 

516 


Minimum. 


326 
295 

320 

326 

2.290 

2,711 

2,145 

1,014 

149  ; 

88  1 

88 

215 

200 

20*1 


Mean. 


456 


1.093 

1,181 

2,921 

:i.'M\ 

3,395 

1.705 

391 

112 

129 

318 

355 

397 


Total  In 
acre-feet 


15,380 
30,070 


07, 
65, 
179, 
19t>. 

2as. 

101, 
24, 

0, 
7, 
19, 
21, 
24, 


Run-off. 

Second-feet 

per  square 

mile. 

Depth  in 
inches. 

0.057 

0.036 

.061 

.070 

0.  m 

0.158 

.148 

.1.54 

.365 

.  421 

.412 

.460 

.424 

.489 

.213 

.2;w 

.049 

.050 

.014 

.016 

.016 

.018 

.040 

.046 

.044 

.049 

.050 

.058 

The  year. . 


I 


5,130 


8h| 


1,274  I        922,400  , 


.159 


2.16 


Note.— No  correction  made  for  ice  conditions. 
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STREAM    MEASUREMENTS    IN    19a5,   PART    XIV. 


ROCK  CREEK  NEAR  ARLINGTON,  OREG. 

Rock  Creek  drains  a  high,  rolling  country  containing  very  little  timber.  This  station  was 
established  February  25,  1905.  It  is  located  at  the  highway  bridge  at  RockTille  statioo, 
Oreg.,  on  the  Condon  branch  of  the  Oregon  Railroad  and  Navigation  Company's  line,  and  is 
about  6  miles  above  the  mouth  of  Rock  Creek  and  about  20  miles  from  Arlington,  Greg. 

The  channel  is  straight  for  75  feet  above  and  100  feet  below  the  station.  The  current  is 
moderate  above  and  sluggish  below.  The  right  bank  is  high  and  clean.  Some  wat^r  cro9HP» 
the  road  at  the  left  bank  during  very  high  water.  The  bed  of  the  stream  is  composed  i^ 
sand  and  gravel  and  is  free  from  vegetation  and  permanent.  There  is  but  one  channel  at  all 
stages. 

Discharge  measurements  are  made  from  the  upstream  side  of  the  single-span  wooden 
bridge.    The  initial  point  for  soundings  is  the  face  of  the  right  abutment. 

The  elevation  of  the  water  surface  is  determined  by  measuring  down  by  means  of  a  gradu- 
ated rod.  Between  February  25  and  August  19, 1905,  gage-height  observations  were  taken 
once  each  day  by  W.  A.  Nugent.  The  bench  mark  is  the  top  of  a  projecting  beam  from 
the  upstream  side  of  the  bridge,  at  the  left  bank,  marked  with  black  paint;  elevation,  15.00 
feet  above  the  datum  of  the  gage. 

Discharge  measurements  of  Rock  Creek  near  Arlington^  Oreg.,  in  1905. 


Date. 

Ilydrographer. 

Width. 

Feet. 
45 
29 
35 
35 
30 

Area  of 
section. 

Mean 
velocity. 

hel^t. 

Di*- 
cfaarge. 

February  25- .. 
March  18 

W.  C.  Sawyer 

Smtare 

77 
37 
74 
49 
38 

Feet  per 
second. 

2.61 

1.24 

2.10 

1.70 

LOS 

Feet. 
a  81 
5.77 
a  91 
a  15 
5.85 

Sectmd- 
feei. 

201 

do     

46 

March  26<» 

J.H.Lewis 

1S5 

April  8 

do 

83 

May  10 

August  17 

W.  C  Sawyer 

39 

do 

.0 

October  24 

...  .do 

a  07 

a  06. 

.3 

December  .5 . . . . 

R.  S.  Hall 

&.1 

a  Made  at  different  section.  &  Estimated. 

Daily  gage  height,  in  feet  y  of  Rock  Creek  near  Arlingtony  Oreg.,  for  1905. 


Day. 

Feb. 

Mar. 

a  2 
a  I 
a  2 
a  15 
a  15 
a  15 
ao 

5.95 

a9 

5.8 

5.7 

5.7 

a65 

6.76 

a7 

6.7 
5.66 

Apr. 

a  25 
a  25 
a65 

a45 

a4 

a3 

a  15 

ai 

ao5 

ai 

ao5 

5.95 

a85 

6.85 

a8 

6.8 

a  8 

5.76 

May. 

June. 

July. 

Aug. 

1 

as 
a  45 
a  4 
a45 
a55 
a  6 
ae 
a  6 
a55 
a85 
a  83 

5  76 

a  7 
a7 
ae 
a  66 
a  5 
a  6 

a8 

ae 

a55 

a  4 

a4 

a  4 

a  4 

a  35 

a  35 

as 

as 

a25 

a25 

a  2 

a2 

ai 

ai 

ai 

as 

a  2 

a  05 

ao 

a  05 

ao5 

ao5 

ao5 

ai 

ai 

ao5 

a  05 

ao6 

ao5 

a  05 

ao 

ao 

ao 

ao 

2 

a3 

3 

S.05 

4 

ao 

5 

ao 

6 

ao 

•7 ' 

ao 

8 1  .       ... 

ao 

9 i    

ao 

10 : 

ao 

11 

ao 

12 

ao 

13 

495 

14 

495 

15 

495 

16 

405 

17 

496 

18 

5.75 

ai 
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Daily  gage  height ,  in  feet,  of  Rock  Creek  near  Arlinyton,  Oreg.,for  1905 — Continued. 


Day. 

j    Feb. 

-'■ 

Apr. 

May. 

June.     July. 

Aug. 

19 

ai 

5.7 

5.5 

5.15 

5.0 

5.0 

30 

1 

0  8 

6. 2 

a25 

6.15 

' 

; 

6.1 
6.1 

6.a'> 

6.4 
6.78 
7.0 
6.7 
7.0 
6.6 
&45 
6.35 
6.2 
_ 

yOreg., 

5. 7          .">.  4o 
5.  7          5.  45 
5.65         5.4 

5.05 
5.05 

5.a5 

5.0 
5.0 

21 

22 

5.0 
5.0 
5.0 
4.0.5 
4.95 
4.95 
4.95 

23    

5. 7    1      5.4           5.a«> 

24 

5.  7           5.  45 

5.05 

5.05 

5.2 

5.5 

5.35 

5.3 

5.35 

:s 

.'i.6 
5.4 
5.4 

5.45 
5.45 
a.  4a 

26 

27 

28 

5.  45  <      5.  4 
5.4    !      5.35 
5. 3           5. 35 

29 

5.0 
5.0 
6.0 

30 

31 

5.3 

Station  rating  table  for  Rock  Creek  near  Arlington 

from  February  25  to  August  19 ^  1905 

Oaee 
height. 

Feet. 

Discharge. 

Gage 
height. 

Discharge. , 

1 

Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

Discharge. 

Second-feet. \ 

Feet. 

Second-feet. , 

Second-feet. 

Feet. 

Second-feet. 

,        5.00 

0    1 

5.60 

28     ' 

CIO 

76 

6.60 

165 

1        5.10 

2 

5.70 

36 

6.20 

88    , 

0.70    1             178 

5.20 

6 

5.80 

i5 

6.30 

102    \ 

&8U                 202 

5.30 

10 

5.90 

54 

&40 

118 

6.9b                  228 

5.40 

15    > 

6lOO 

64  : 

6.50 

136 

7.00                  256 

5.50 

21 

; 

1 

The  above  table  is  applicable  only  for  open -channel  conditions.    It  is  baaed  on  dischaige  measure 
m«nts  made  during  1905.    It  is  fairly  well  deflneil. 

Estimated  monthly  discharge  of  Rock  Creek  near  Arlington,  Oreg.,for  1905. 


Month. 


March. 
Apri:.., 
May... 

June... 
Jaly... 


1         Discharge  in  second-feet. 

,  Maximum.   Minimum,  i    Mean. 

1                    1 

Total  In 
acre-feet. 

1 

1               256 

32 

93.2 

5,731 

167 

10 

57.5 

3,422 

m 

10 

22.7 

1,396 

1                  45 

1 

10.2 

607 

10 

" 

.97 

60 

DESCHUTES  RIVER  DRAINAGE  BAvSIN. 

DESCRIPTION  OF  BASIN. 

Deschutes  River  rises  on  the  eastern  slopes  of  the  Cascade  Mountains,  in  Klamath  County, 
Oreg.,  and  flows  northward,  entering  Columbia  River  at  Deschutes,  Oreg.  Its  principal 
tributaries  are  West  Fork,  Squaw  Creek,  and  Spring  River  from  the  west,  and  Crooked  River 
and  Willow  and  Trout  creeks  from  the  east. 
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STREAM    MEASUREMENTS    IN    1905,   PART    XIV. 


DESC:inTTES  RIVER  NEAR  BEND,  OREO. 

This  station  was  established  December  22,  1904,  by  W.  C.  Sawyer.  It  is  located  at  the 
wagoD  bridge  known  as  Sizemore's  bridge,  1}  miles  south  of  Bend,  Oreg. 

The  channel  is  straight  for  300  feet  above  and  below  the  station.  The  current  is  swift  and 
both  banks  are  high.  The  left  bank  is  subject  to  overflow  at  extreme  high  water.  TLe 
bed  of  the  stream  is  composed  of  rock  and  gravel  and  is  free  from  vegetation  and  pennanrat. 
There  Is  but  one  channel  at  all  stages. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  bridge.  Tbe  initial 
point  for  soundings  is  a  point  marked  with  black  paint  at  the  west  end  of  the  bridge,  dovo- 
stream  side. 

A  stafT  gage  is  fastened  vertically  to  the  sixteenth  bent  of  the  bridge,  335  feet  from  tiie 
initial  point  for  soundings.  During  1905  the  gage  was  read  once  each  day  by  Dr.  W.  S. 
Nichol,  who  was  paid  by  the  Deschutes  Irrigation  and  Power  Company.  The  bench  maii  is 
a  copper  bolt  cemented  in  a  large  bowlder  near  the  edge  of  the  water,  about  100  fret  ahore 
the  east  end  of  the  bridge;  elevation,  5.20  feet  above  the  datum  of  the  gage. 

A  description  of  this  station,  with  gage  heights  and  discharge  data,  is  contained  in  Water- 
Supply  Paper  No.  135,  United  States  Geological  Survey,  page  269. 

Discharge  meamiremerUs  of  Deschutea  River  near  Bendt  Oreg.,  in  1905. 


Date 


llydrographer. 


Fobniary  7 I .  l*and«'s . 

March  6 ' do. 

April  20 1 do. 

May  21 ' do. 

August  10 1 do. 

8ept<'niU»r  22 .  .i do . 

October  27 1 do. 

NovcmlKT  15 .  . ' do . 

Dfcoraber  7 ' do. 


VIdth. 

Area  of 

fU>CtiOD. 

Moan 
velocity. 

hci^. 

charfp. 

Feet. 

Square 
fret. 

Feet  per  l 
second.  ' 

Feet. 

Setni- 
fed. 

375 

828 

2.54  1 

2.00 

2,  WO 

375 

828 

2.63 

1.&5 

2,  It* 

375  1 

797 

2.57  1 

1.90  ' 

2,060 

375 

706 

2.67 

1.69 

use 

375  , 

654 

2.43 

1.55 

1,5S0 

370 

623 

2.43  1 

1.46 

1,516 

370 

634 

2.35 

1.50  1 

i,m 

370  ' 

600 

2.24 

1.40 

1,3*. 

370 

5G7 

2.02  1 

1.40 

1,3» 

Daily  gage  height  y  in  feet,  of  Deschutes  River  near  Bend,  Oreg.,  for  1905. 


Day. 


Jan.      Feb.     Mar. 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 


2.0 

2.0 

2.0 

2.0 

2.0  ' 

2.0  I 

2.0  ; 

2.0  I 

2.0, 

2.0 

2.0  , 

1.9 

1.9' 

1.9  I 

1.9 

1.9 

2.0 

2.0 


2.1 


1.9 
1.9 
1.9 
1.9 
1.9 


1.9 

1.9 ; 

1.9 


1.9  , 
1.9  . 


Apr.  I  May.  |  Juno.    July,  i  Aug.  \  Sept. 


2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.0 
1.9 
1.9 


1.9  I 


1.9  ' 
1.9' 


1.9  1 
1.9  I 
1.9  I 
1.9  I 
1.9  I 
1.9 
1.9 
1.9 
1.9 
2.0 
2.0  I 
1.9  I 


'   I 


1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6  I 

1.6  I 

1.6 

1.6 

1.6 

1.6 

1.6' 

!::• 

1.6  I 

1.6 

1.6 


1.6 
1.6 
1.6 
1.5 
1.5 
1.5 
1.5 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 


1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 


Oct.  ,  Nov.    Dec. 
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5 
5 
5 

5| 
5 

^; 

5 

:> 

5  I 

5i 

le 


1.5 

1.5 

1.5 

1.5 

1.5 

1.5, 

1.5 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.5 

1.5 


1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
14 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
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DaUy  gage  height ^  xnfeetj  of  Deschutes  River  near  Bend,  Oreg.,for  1905 — Continued. 


i>.r. 

Jan. 

Feb. 

1.8 
1.8 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Mar. 

1.9 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

Apr. 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.8 
1.8 
1.8 
1.8 
1.9 

... 

Jun?. 

July. 

1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

Aug. 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
•   1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

Sept. 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 





Nov. 

..; 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.4 
1.4 
1.4 

Dec. 

19 

3D 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
.    2.0 
2.1 
2.1 
2.2 
2.3 
2.1 

1.6 
1.7 
•1.7 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

1.4 
1.4 

21 

1  4 

"*»..     . 

1.3 

23 

24 

1.3 
1.4 

25 

1.5 

26 

27 

1.5 
1.5 

28 

1.5 

29 

1.5 

3D 

1.6 

31 

..5 

Station  rmting  tahtefor  Deschutes  River  near  Bend,  Oreg.jfrom  December  22, 190 J^,  to  Decemlter 

31,1906. 


hej 


^,.\r>^t.r^.\^^,_ 


Discharge. 


Feet. 
1.30 
1.40 
1.50 


nd-feet. 

1      Feet. 

1,220 

1        1.60 

1,350 

1.70 

1,490 

1         1.80 

1 

Second-feet. 
1,630 
1,775 
1,925 


Oase 
height. 

Feet. 
1.90 
2.00 
2.10 


Dischai^e. 


Second-feet 
2,075 
2,225 
2,375 


Gage 
height. 

Feet. 
2.20 
2.30 


Discharge . 

Second-feet 
2,535 
2,095 


The  above  table  Is  applicable  only  for  opeo-ehannel  conditions.    It  is  based  on  1 1  discharge  measure- 
ments made  during  1904-5.    It  is  fairly  well  defined. 

Estimated  morUhly  discharge  of  Deschutes  Rii^r  near  Bend,  Oreg.,for  1905. 


Month. 


January... 
February.. 

March 

April 

May 

June 

July 

.\ugust 

Septemb..-. 
October  a  .. 
November. 
December.. 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean 


The  year. 


2,605 
2,375 
2,225 
2,225 
2,22.5 
1,775 
1,630 
1,630 
1,490 
1,490 
1,490 
1.490 

2,<i95 


Total  in 
acre-feet. 


2,075 

1,925 

2,075 

1,925 

1,775 

1,630 

1,630  I 

1,490 

1,490 

1,490 

1,350  ' 

1,220  I 

1,220  I 


2,240 
2,161 
2,133 
2,060 
1,959 
1,712 
1,630 
1,531 
1,490 
1,490 
1,434 
1,373 


1,768 


137,700 
120,000 
131,200 
122,600 
120,500 
101,900 
100,200 
94,140 
88,660 
91,620 
85,330 
84,420 

,278,000 


a  Discharge  interpolated  October  29—31. 
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STREAM    MEASaREMENTS    IN    1905,   PART    XIV. 


EAST  FORK  OF  I>E8CIIUTES  RIVER  AT  ODEL.L.,  ORBO. 

This  station  was  established  December  25,  1904,  by  W.  C.  Sawyer.  It  is  located  at 
the  county  wagon  bridge  at  Odell,  Oreg.  The  drainage  basin  is  high,  composed  of  a  pumiir- 
stone  soil,  and  covered  largely  with  a  growth  of  black  pines. 

The  current  is  swift  and  the  channel  curved  with  both  banks  low  and  clean.  The  Ifft 
bank  is  liable  to  overflow  at  high  water.  The  bed  of  the  stream  is  composed  of  grm^l 
and  sand  and  is  free  from  vegetation  and  permanent.  There  are  tw»o  or  more  chmnneb 
at  the  bridge  during  high  water  and  one  at  low  and  ordinary  stages.  Tliere  is  but  oot 
channel  at  all  stages  at  the  foot  log. 

Discharge  measurements  are  made  from  the  bridge  at  all  ordinary  stages.  At  extreme 
high  water  a  foot  log  below  the  bridge  is  used.  The  initial  point  for  soundings  at  the 
bridge  is  a  10-penny  nail  driven  into  a  log  at  the  south  end  of  the  bridge,  downstream 
side.  The  initial  point  at  the  foot  log  is  a  10-penny  nail  driven  into  the  north  end  of  the 
foot  log. 

A  stafT  gage  is  fastened  to  logs  projecting  from  a  milk  house  belonging  to  the  obaerrer. 
During  1905  the  gage  was  read  once  each  day  by  Charles  Graves.  The  bench  mark  is  a 
60-penny  nail  in  the  base  of  a  jack-pine  tree  used  for  a  gatepost  in  the  fence  of  Mr.  Graves's 
yard;  elevation,  7.87  feet  above  the  datum  of  the  gage.  , 

A  description  of  this  station,  with  gage  heights,  is  contained  in  Water-Supply  Paper  No. 
135,  pages  269-270. 

Discharge  measuremerUs  of  East  Fork  of  Deschutes  River  at  Odell  ^  Oreg,,  in  1906. 


Date. 


January  31 

March  9 

April  26 

April  29 

June  25 

June  25 

August  4 

October  6 

October  30 


Hydrographer. 


I.  Landed... 

do 

....do 

do 

do 

do 

n.  W.  King. 
I.  Landes... 
do 


Width. 


Feet. 
24 
24 
24 
25 
22 
22 
24 
22 
22 


Area  of 
section. 


Square 
feet. 

31.0 

35.7 

40.0 

30.2 

35.0 

35.0 

29.2 

28.1 

24.0 


Mean 
velocity. 

Gage     '      I>»- 
hei^t.  I  cbar]ge. 

Feet  per 
second. 

1  Second- 
Feet.     1     feet. 

2.03 

2.50  1           63 

1.30 

2.46             56 

1.93 

2.65  1           77 

1.89 
1.57 
1.54 
1.04 
1.03 
1.30 


2.64 
2.4S 
2.45 
2.18 
2.15 
2.18 


74 
55 
54 

30.1 
».t 
31.1 


Daily  gage  height,  inject,  of  East  Fork  of  Deschutes  River  at  OdeU^  Oreg.,  for  1905. 


Day. 


1 
2 
3 
4 

6, 
6 
7 
8. 
9. 
10, 
11, 
12 
13 
14 
16 


Jan.      Feb.  i  Mar. 


2.5 

2.4 

2.^5 

2.5 

2.6 

2.7 

2.65' 

2.5 

2.05 

2.5 

2.6    1 

2.5 

2.6    1 

2.3 

2.5    1 

2.6 

2.6 

2.65 

2.6 

2.65 

2.6 

2.68 

2.6    1 

2.6 

2.65  > 

2.7 

2.7    1 

2.7 

2.9    i 

2.8 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.6 

2.6 

2.6 

2.6 

2.6 

2.65 

2.65 

2.6 


Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

2.5 

2.7 

2.6 

2.35 

2.1 

2.1 

2.5 

2.65 

2.6 

2.3 

2.15 

2.1 

2.5 

2.65 

2.6 

2.3 

2.16 

2.1 

2.5 

2.6 

2.6 

2.65 

2.15 

2.1 

2.5 

2.6 

2.6 

2.65 

2.15 

2.1 

2.6 

2.6 

2.65 

2.65 

2.2 

2.1 

2.55 

2.6 

2.65 

2.2 

2.25 

2.1 

2.65 

2.7 

2.6 

2.1 

2.16 

2.1 

2.65 

2.8 

2.6 

2.2 

2.18 

2.1 

2.6 

2.7 

2.66 

2.16 

2.18 

2.1 

2.6 

2.7 

2.6 

2.2 

2.2 

2.1 

2.6 

2.65 

2.6 

2.2 

2.16 

2.1 

2.6 

2.6 

2.0 

2.2 

2.16 

2.1 

2.6 

2.6 

2.6 

2.2 

2.16 

2.1 

2.65 

2.6 

2.6 

2.26 

2.18 

2.1 

Oct.  ,  Nov.  I  Dec. 


2.18 

2.18 

2.15 

2.15 

2.15 

2.15 

2.25 

2.3 

2.3 

2.25 

2.2 

2.2 

2.18 

2.18 

a.  IS 


2.29 

2.3 

2.05 

2.2 

1.95 

2.J 

2.18 

2.2 

2.12 

lis 

2.0 

2.18 

2.0 

118 

2.02 

12 

2.05 

12 

2.05 

lis 

2.03 

Itt 

1.95 

IM 

2.25 

11 

2.3 

14 

2.3 

14 
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Daily  ^a^e  heighi,  in  feet,  of  East  Fork  of  Deschutes  River  at  OdeU,  Oreg,,for  1905— Cont'd. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.13 

2.15 

2.15 

2.18 

Oct. 

2.2 

2.2 

2.2 

2.2 

2.18 

2.18 

2.18 

2.18 

2.18 

2.18 

2.2 

2.2 

2.2 

2.19 

2.18 

2.18 

Nov. 

Dec. 

16 

3.1 
2.9 
2.8 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.7 
2.5 
2.5 

2.7 
2.7 
2.8 
2.8 
2.9 
2.8 
2.7 
2.7 
2.7 
2.6 
2.6 
2.5 
2.5 

2.5 

2.5 

2.55 

2.5 

2.65 

2.6 

2.65 

2.55 

2.6 

2.65 

2.6 

2.65 

2.6 

2.5 

2.8 

2.5 

2.55 

2.5 

2.7 

2.5 

2.5 

2.52 

2.5 

2.55 

2..'>5 

2.65 

2.6 

2.7 

2.7 

2.7 

2.65 

2.6 

2.7 

2.7 

2.7 

2.7 

2.7 

2.65 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.55 

2.5 

2.6 

2.6 

2.6 

2.5 

2.4 

2.4'5 

2.45 

2.4 

2.4 

2.4 

2.4 

2.35 

2.35 

2.2 

2.25 

2.2 

2.2 

2.2 

2.2 

2.15 

2.15 

2.15 

2.15 

2.1 

2.1 

2.1 

2.0 

2.1 

2.1 

2.18 
2.13 
2.16 
2.15 
2.13 
2.12 
2.11 
2.11 
2.11 
2.11 
2.11 
2.11 
2.11 
2.11 
2.11 
2.11 

2.2 

2.1 

2.1 

2.1 

2.1 

2.15 

2.0 

1.9 

1.8 

1.85 

1.9 

2.1 

2.1 

2.1 

2.1 

2.4 

17 

2.4 

18 

19 

2.3 
2.3 

30 

2.3 

21 

1.9 

22 

2.9 

23 

2.6 

24 

2.9 

25 

2.9 

K 

2.9 

27 

2.9 

28 

2.0 

2» 

1.9 

30 

1.9 

31 

1.8 

NoTK. — Ice  conditions,  January  10  to  February  28. 

Station  rating  table  for  East  Fork  of  Deschutes  River  at  OdeU,  Oreg.,  from  December  26, 1904, 

to  December  3U  1906. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Feet. 

Second-feel. 

Feet. 

Second-feet. 

1.80 

10 

■      2.20 

32 

2.60 

70 

2.90 

104 

1.90 

14 

2.30 

41 

2.70 

81     1 

3.00 

117 

2.00 

19 

2.40 

50 

2.80 

92    1 

3.10 

131 

2.10 

25 

2.50 

60 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  nine  discharge  meas- 
ureinents  made  during  1905.    It  is  well  defined  between  gage  heights  2.1  feet  and  2.7  feet. 

Estimated  monthly  discharge  of  East  Fork  of  Deschutes  River  at  OdeU,  Oreg.,for  1905. 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

Note.— 'No  correction  made  for  ice  conditions 


Discharge  in  second-feet. 

Mean. 


Maximum.   Minimum 


131 
104 
92 
81 
92 
76 
76 
36 
31 
41 
41 
104 


131 


76.6 
74.0 
64.7 
65.4 
74.7 
62.8 
35.1 
28.0 
25.6 
31.9 
23.6 
45.6 


Total  In 
acre-feet. 


4,710 
4,110 
3,978 
3,892 
4,593 
3,737 
2,158 
1,722 
1,517 
1,962 
1,404 
2,804 


10 


6a7 


36,600 
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STREAM    MKASUREMENT8    IN    1905,   PART    XIV. 


DESCHUTES  RIVER  NEAR  LuVVA,  OREG. 

This  station  was  established  February  17,  1905.  It  is  located  about  1  mile  north  of 
Lava,  Oreg.  The  river  has  its  source  in  Crescent  Lake,  receives  the  waters  of  East  Fort 
about  30  miles  above  the  station,  and  joins  West  Fork,  which  is  laiiger  and  is  locally  kiwiii 
as  Big  River,  a  short  distance  below  the  station.  A  considerable  portion  of  the  basn  is 
timbered. 

The  channel  is  straight  for  200  feet  above  and  100  feet  below  the  station.  The  cunwit 
is  swift.  Both  banks  are  high  and  clean.  The  bed  of  the  stream  is  composed  of  clay  and 
is  free  from  vegetation  and  permanent.     There  is  but  one  channel  at  all  stages. 

Dischai^ge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  wire. 
The  initial  point  for  soundings  is  the  center  of  the  mud  sill  under  the  shear  legs  of  the  cable 
support  on  the  east  bank  of  the  river. 

An  inclined  staff  gage  is  fastened  to  the  right  bank.  During  1905  the  gage  was  read  onr* 
each  day  by  Mrs.  C.  B.  Allen.  The  bench  mark  Ls  a  copper  bolt  set  in  the  base  of  a  laige 
jack-pine  tree  about  75  feet  below  the  cable  and  near  the  east  end  of  the  wagon  bridge; 
elevation,  11.38  feet  above  the  datum  of  the  gage. 

Discharge  measurements  of  Deschutes  River  near  Tmiyi,  Oreg.,  in  1905. 


Date. 


Hydrographer. 


'  WMf  h  !  Area  of  '    M<?ap 
I  wmin.    gp<.^„„     velocity. 


March  2. '  I.  Landes. 

April  24 1 do.... 

May23 1 do 

June  23 1 do 

June  23 1 do 

August  9 do 

Novoml^er  18  .    do 

DooemberS do 


* 

Feet. 

X" 

82 

195 

82 

183 

82 

182 

82 

169 

82 

170 

79 

125 

51 

110 

51 

107 

Feet  per 
second. 


a  Narrow  strip  of  ioe  along  each  bank. 
Daiirj  gage  height,  in  feet,  of  Deschutes  River  near  Lava,  Oreg.,  for  1905. 


Day. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

5.95 

5.85 

5.85 

5.8 

5.8 

5. 75 

5.7 

5.7 

5.fK5 

5.6 

5. 55 

5.  .5,5 

5.5,5 

5.  .55 

5.5 

5. 5 

5.5 

5.5 

5.5 

Aug. 

Sept. 

5.05 

5.05 

5.05 

5.0 

5.0 

.5.0 

.5.0 

.5.0 

.5.0 

5.0 

5.0 

.5.0 

5.05 

5.05 

5.05 

.5.05 

.5.05 

5.a5 

5.05 

Oct. 

Nov. 

5.15  1 
.5.1, 
5.05  1 
5.05  ^ 
.5.ft5  1 
5.0    1 
5.0    1 
5.0    1 
5.0    ' 
5.0    1 
5.0 

5.0  1 
5.0 
4.9 
4.85  1 
4.9 
.5.0    1 
5.0 

5.1  1 

Dec. 

1 

0.45 

6.45 

6.45 

6.5 

6.5 

6.5 

6.5 

6.5 

6.45 

6.4 

6.55 

6.55 

6..5.'> 

6.5.') 

6.5 

6.5 

6.45 

6.45 

6. 45 

6.  ^'^i 

6.4 

6.3 

6.3 

6.3 

6.3 

6.3,5 

6.3.'> 

().  :J5 

6.35 

6.35 

6.4 

6. 45 

6.5 

6.4 

6.^5 

6.3 

6.4 

(i.  45 

6. 5 

6.  .55 

6.  .55 

6.5 

6.4 

6.35 

6.4 

6.3 

6.3 

6.3 

6.3 

6.3 

6.4 

6. 4.5 

6.4 

6.4 

6.4 

6. 35 

6.3 

6.3 

6.2.5 

6.25 

6.3 

6.2 

6.2 

6. 15 

6.15 

6.1 

6.1 

6.4 

5.4 

5.4 

5.3 

5.3 

5.3 

.5.3 

.5.3 

5.3 

.5.3 

.5.3 

5.3 

5.25 

5.2 

5.2 

5.2 

.5.2 

5.2 

5.2 

5.15 

5.2 

5.1 

5.1 

.5.1 

5.1 

.5.15 

5.2 

5.3 

.5.3 

5.2 

5.2 

5.15 

6.15 

5.15 

5.2 

5.2 

5.25 

5.2 

h.\ 

2. 

5.1 

3 

il 

1 
4 

.VI 

5                   '     .     . 

5.0 

1 
fi ' 

.VO 

7 

4.95 

8 

,Vli 

9  

19 

10 

,S.fl 

6.4 
6.4 

.VO 

,2 1 

.VO 

.3 1 

6.4 
6.4 
6.45 

.VO 

U                 1      -  - 

5.0 

15     .           .. 

,V05 

Ifi 

VI 

17 



(;.3 

6  5 

.VI 

]<H 

6.32  !      (i.5 
6.4    1      6.5 

5.1 

I'J 

5.15 
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Daily  gage  height^  in  feet,  of  Deschuteft  River  near  Lain,  Greg.  ^  for  1905 — Continued. 


Day. 


Feb. 


Mar.       Apr.       May.      June. 


20 

6.7 

21 

6.75 

72 

6.6 

23 

6.65 

24 

6.4 

25 

6.5 

3G 

6.5 

'T 

6  45 

28 

6.4 

29 

30 ' 

31 1 

6.65 

6.3    1 

6.3 

6.65 

6.3    1 

6.3 

6.75 

6.25  1 

6.35 

6.75 

6.25  , 

6.35 

6.7 

6.2 

6.3 

6.7 

6.2    ' 

6.25 

6.75 

6.2    1 

6.35 

6.75 

6.2    ! 

6.3 

6.8 

6.2    i 

6.35 

6.75 

6.25  1 

6.35 

6.65 

6.3      ; 

6.35 

6.55 

6.3 

6.1 

6.05 

6.0 

6.0 

6.0 

6.05 


July. 


6.0 

6.1 

6.05 

6.0 

6.0 

5.45 

5.4 

5.4 

5.4 

5.4 

5.4 

5.35 

5.3 

5.3 

5.3 

5.3 

5.3 


Aug. 

Sept. 

5.15 

1 
5.0 

5.15 

5.0 

5.1 

5.0 

5.1 

5.0 

5.1 

5.0 

5.1 

5.0 

5.1 

5.0 

5.1 

5.0 

5.1 

5.05 

5.05 

5.05 

5.05 

5.1 

5.05 

Jet. 

Nov. 

Dec. 

5.2 

5.1 

5.2 

5.2 

5.1 

5.3 

5.2 

5.0 

5.2 

5.15 

5.0 

5.05 

5.15 

5.0 

5.15 

5.15 

5.0 

5.15 

5.15 

5.0 

5.25 

5.15 

5.1 

5.3 

5.15 

5.1 

5.3 

5.15 

5.0 

5.3 

5.15 

5.0 

5.3 

5.15 

5.3 

Station  rating  table  for  DeschiUes  River  near  Lava,  Oreg.,from  January  17  to  December  31  ^ 

1906. 


Gage 
hei^t. 

Discharge., 

1 

Gage 
height. 

DiBcharge. 
Second-feet. 

Gage 
height. 

Feet. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

4.80 

76 

5.40 

125 

5.90 

188 

4.90 

82 

5.50 

135 

6.00 

205 

5.00 

89 

5.60 

147 

6.10 

223 

5.10 

97 

5.70 

leo 

6.20 

242 

5.» 

106 

5.80 

173 

6.30 

262 

5.30 

115 

Ga^ 
heig 


It. 


Discharge. 


Feel. 
6.40 
6.50 
6.60 
6.70 
6.80 


^Second-feet 
'  283 

305 
329 
355 
382 


The  above  table  is  applicable  only  for  open-channel  conditions.    It  Is  based  on  eight  discharge  meas- 
arements  made  during  1905.    It  is  well  defined  between  gage  heights  5  feet  and  6.5  feet. 

Efiimaied  monthly  discharge  of  Deschutes  River  near  Lava,  Greg.,  for  1905. 


Month. 


February  17-28. 

Man* 

.\prU 

May 


Discharge  in  w-cond-fwt. 
Maximum.    Minimum.      Me4in. 


June 

July 

.August 

September. 
October.... 
November. 
December.. 


368 
.'t82 
317 
317 
294 
190 
125 
97 

iir. 

102 
115 


262 

283 

242 

2.'">2 

205 

115 

93 

80 

97 

79 

82 


306 

319 

274 

278 

241 

141 

107 
90.9 

100 
90.6 
99.2 


The  period . 


Total  in 
acre-feet. 


7,28.3 
19.620 
16,300 
17,090 
14,340 
8,  r,70 
6,579 
5.409 
6,149 
5.391 
6,100 

112.900 
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214  STREAM   MEASUREMENTS    IN    1905,   PART    XIV. 

WEST  FORK  OF  I>E8CIfUTES  lUVER  NEAR  LAVA,  OREG. 

This  station  was  established  February  20,  1905.  It  is  located  about  1}  miks  west  d 
Liava,  Oreg.  This  branch  of  the  river  rises  in  five  small  lakes  in  a  high,  timbered  countir, 
and  as  a  consequence  has  a  very  uniform  flow. 

The  channel  is  slightly  curved  and  the  current  is  swift.  Both  banks  are  low,  wooded, 
and  not  liable  to  overflow.  The  bed  of  the  stream  is  composed  of  gravel  and  is  free  fnxa 
vegetation  and  permanent.    There  is  but  one  channel  at  all  stages. 

Discharge  measurements  are  made  by  means  of  a  cable  and  car.  The  initial  point  for 
soundings  is  the  center  of  the  mud  sill  under  the  shear  legs  of  the  cable  support  on  the  north 
bank  of  the  river,  and  is  marked  with  a  brass  nail. 

An  inclined  staff  gage  is  set  on  the  right  bank.  During  1905  the  gage  was  read  once  each 
week  by  David  Hill.  The  bench  mark  is  a  60-penny  nail  driven  into  the  base  of  a  large 
yellow  pine  near  the  gage;  elevation,  19.33  feet  above  the  datum  of  the  gage. 

Discharge  measurements  of  West  Fork  of  Deschutes  River  near  Lava,  Oreg.,  in  1905. 


V&te. 


Ilydrogrtipher. 


March  3. I.  Landes. 

April  25 do.... 

May  23. do 

Juno  23 do 

August  9 1 do 

Octobers I do 

October  28 1 do 

November  17...' do 

De<?omber  9 do 

December  27 ... ' do 

December  27...' do 


Width, 


Feet. 
101 
100 
101 
101 
101 
101 
101 
100 
99 
127 


Area  of 
section. 

Mean 
velocity. 

Gage 
hei^t. 

Di»- 
charfEe. 

Sjuarc 

Feet  per 
second. 

Feet. 

Second- 
feet. 

544 

2.10 

8.89 

1,144 

517 

2.09 

8.59 

1,061 

520 

2.05 

8.60 

1,064 

499 

2.07 

8.44 

2,033 

482 

2.06 

8.24 

993 

472 

2.09 

8.20 

9S6 

456 

2.03 

8.01 

93C 

444 

2.06 

7.87 

9i: 

443 

1.96 

7.74 

m 

446 

2.02 

7.77 

903 

446 

2.02 

7.77 

904 

Daily  gagu  height,  in  feet,  of  Went  Fork  of  Deschutes  River  near  Lava,  Oreg.,  for  1905. 
Day. 


Feb. 


I 

1 1 

2 ' 

3 1 

4 1 

5 i 

6 1 

7 ' 

8 1 

9 1 

10 1 

11 1 

12 1 

13 1 

14 , 

15 1 

16 1 

'' i 

'' 

19 1 

20 1      8.8 


Mur. 

Apr. 

8.8 

8.8 

8.77 

8.7 

8.7 

May. 

J  une. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

- 

8.9 

8.9 

8.65 

8.15 

7.8 

8.9 

8.4 

8.9 

7.95 

8  93 



8.6 

8.95 

1 

8.95 

8.7 

8.2 

8.2 

8  92 

8.9 

8.7 

8.25 

7.7 

8.9 

8.3 

8.9 

8.6 



7.9 

8.85 

8.5 

1 

8.8 

8.2 



1 

8.8 

8.05 

1 

8.8 

1 

8.83 

8.6 

..     ..| 

8.01 

7.8 

8.8 

8.3 

7.9 

8.8 

8.6 



7.75 

8.82 

8.45 

j 

8.82 

8.6 

'        K.2 

::::::;t;::;::: 
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DaUy  gage  height^  in  feet,  of  West  Fork  of  Deschutes  Rh'^  near  Lava,  Oreg.,  in  1905 — Con. 


Day. 

Feb. 

8.8 

8.8 

8.85 

8.9 

8.87 

8.85 

8.88 

8.87 

Mar. 

8.98 

8.98 

6.9 

8.92 

8.9 

8.92 

8.95 

8.88 

8.9 

8.8 

8.72 

Apr. 

May. 

Jur.e. 

July. 

Aug. 

Sept. 

Oct. 
8.05 

Nov. 

Dec. 

21 

7.7 

22 

8.6 

1 

23 

1 

8.01 

8.0 

24 

8.3 

K 

8.6 

7.8 

7.7 

26 

8.45    

8.2 

1 

27 

1 
1 

28 

j 

8.0 

7.65 

29 

8.6 

1 

30 

..................... 

8.02 

7.8 

31 

8.25 

Station  rating  table  for  West  Fork  of  Deschutes  River  near  Lava,  Greg.,  from,  February  20  to 

December  31,  1906. 


^«^..  jm^harge. 

Gage 
height. 

1 
Discharge. 

Gage 
height. 

1 
Discharge. , 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet) 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

7.60 

867 

8.00 

942 

8.40 

1,027 

8.80 

1,123 

7.70 

883 

8.10 

963 

8.50 

1,050    j 

8.90 

1,148 

7.80 

902 

8.20 

984    1 

8.60 

1,074    1 

9.00 

1,173 

7.90 

922 

8.30 

1,005 

8.70 

1,098    j 

The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  11  discharge  measure- 
ments made  during  1906.    It  is  well  defined  between  gage  heights  7.7  feet  and  8.9  foet. 

Estimated  monthly  discharge  of  West  Fork  of  Deschutes  River  near  Lava,  Greg.,  for  1905. 


Month. 


February  20-28. 

March 

April 

May 

June 

July 

August 

September 

October 

November 

l>«cember 


Discharge  in  second-feet 


Maximum.   Minimum.      Mean. 


The  period. 


1,148 

1,168 

1,123 

1,098 

1,074 

1,027 

984 

994 

984 

932 

942 


1,123 

1,103 

1,074 

1,074 

1,038 

994 

984 

944 

942 

902 

875 


Total  In 
acre-feet. 


1,135 

1,142 

1,083 

1,081 

1,050 

1,007 

984 

961 

958 

920 

895 


20,260 
70,220 
64.440 
66,470 
62,480 
61,920 
60,500 
57,180 
58,900 
54.740 
55,030 

632,100 


Note. — Owing  to  the  steady  flow  of  the  river  the  mean  discharge  for  the  days  in  each  month  when  the 
gage  height  was  recorded  has  been  taken  as  the  monthly  mean. 
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CANALS  IN  DESCHUTES  RIVER  VAX.L.EY,  OREGON. 

TIKDLEY'S  DITOH  HEAR  EOSLAVD,  OBBG. 

May  24,  1905,  a  discharge  measurement  made  of  this  ditch  by  Ivan  Landes  gave  a  <&- 
charge  of  3.9  second-feet. 

OEHTaAL  ORSOOV  OAHAL  HEAR  BEHD,  OBBa 

The  gage  on  the  Central  Oregon  canal  is  vertical  and  attached  to  the  south  side  of  tb 
flume  opposite  station  88  on  the  Pilot  Butte  canal.  The  zero  of  the  gage  is  the  boUon  of 
the  flume.  Measurements  were  made  in  the  flume.  The  gage  was  read  during  a  portioii 
of  the  year  by  G.  A.  Wilson  and  Z.  T.  Gideon. 

Discharge  measurements  of  Central  Oregon  canal  near  Bendf  Oreg.,  in  1906. 


Date.         j 

Hydrographer. 

Width 

Area  of 
•   section. 

Mean 
velocity. 

< 

riSt. 

chirp. 

May  22 !  Ivan  Land 

June  22 ! do 

es 

Feet. 
13.2 
13.3 
13.3 
13.3 
13.3 

15.8 
12.0 
7.98 
14.8 
15.8 

Feet  per 
second. 

4.40 

3.62 

2.71 

3.70 

3.74 

Feet. 

1.20 

Art. 

9.1 

.90 
.60 
1.11 

C4 

August  10 1.... 

September  22.. 1 

November  16..; 

.do .... 

21  6 

.do 

H!> 

.do 

1.19 
}rl90i 

3.3 

DaUy  gage  heigJU,  in  feet 

ofCenindOrei 

^oncan 

al  near 

Bend,  Oreg.,  ft 

). 

Day. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

'    D«. 

1 

0.98 
,95 
.95 

1.0 
.95 

1.15 
.82 
.32 
.3 
.45 
.82 
.85 

1.0 

1.0 

1.3 
.82, 
.8    1 
.95 
.95 
.0 

.0    1 
.85  1 
.85  1 
.85 
.85  1 
.86 
.85  1 
.92  , 
.85, 
.85 

0.0 
1.0 
.85 
.0 
.0 
.0 
.0 
.0 
.7 
.83 
.75 
.98 
.9 
.7 
.0 
.7 
.6 
.82 
.3 
»    .7 
.7 
.0 
.7 
.7 
.7 
.0 
.35 
.6 
.0 
.6 
.6 

0.6 

0.75 

.7 

.7 

.8 

.78 
1.1 
1.08 

.78 

1.15 
.58 
.82 
.0 
.42 
.85 
.95 

1  05 

1.23 
l.OS 
\.U 
1.13 
1.2a 
1.22 
1.2 
1.1 
1.2 
1.2s 
1.25 
1.25 

1.3 

2 

1 

0 

0 

7 

62 

52 

55 

1        1-3 

3 

1 

1.3 

4 

1  r 

5 

1.4 

6 

i.> 

7 

.  .      L.__    . 

1 :; 

%      

i.« 

9 

.7            .52 
.66           .85 
.68  j        .85 
.65         1.15 

i.fi 

10 - 

1.3S 

11                  

0.52 
.52 
.52 
.0 
.0 
.65 
.65 

1.4 

12 

L4 

13 

.7           1.15 

1.25 

1      1 1: 

14 

1.2           1.2           1.25 
1.2    1      1.2           1.25 
1.25         1.0    1       1.2S 
1.25         1.0    !      1.2 
1.0           1.0          1.22 
1.0           1.0           1.3 

V 

15                 ... 

^ 

16 

1.4 

17 

1.5 

18 

1.4; 

10 

1.4 

20 

1.0           1.0 

1.3 

1       '■' 

21                     .             ..... 

1.1           1.0 
1.15         1.0 

1.32 
1.35 
1.35 
.62 

'       1.4 

22 i 

1.1 

23 ' 

62  1      1.12 
55  1      1.1 
9            .55 
0            .65 
85  1        .95 
9             .55 

1.0 
1.1 

.4 

24                                 t 1 

0 

25 ' 

1.1             .48 
1.27         1.1 
.1           1.3 
1.12         1.3 
1.05         1.3 
1.16         1.38 

1.3     

1 

.0 

26 ' 1 

.0 

27 i 1 

.0 

28              1 

.43 

29 

30 

31 

1               1 
1 

' 1 

9 

: 

1.15 
1.12 

'         .0 
.0 

1           1 

1 
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Station  rating  iahlefor  Central  Oregon  canal  near  Bend,  Oreg.yfor  1906. 


Ga«e 
h«ii^t. 

Discharge. 

Gage 
height. 

Diflchai^. 

Gage 
height. 

Discharge. 

Feet. 

Discharge. 
Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

aoo 

0 

0.70 

28 

1.40 

84 

2.00 

153 

.10 

2 

.80 

34 

1.50 

94 

1        2.10 

166 

.20 

5 

.90 

41 

1.60 

105 

2.20 

180 

.30 

8 

1.00 

48 

1.70 

116 

2.30 

194 

.40 

12 

1.10 

56 

1.80 

128 

2.40 

209 

.50 

17 

1        1.20 

65 

1.90 

140 

2.50 

224 

.60 

22 

1.30 

1 

74 

The  above  table  is  applicable  only  for  open^channel  conditions.    It  is  based  on  Ave  discharge  measure- 
ments nuide  during  1905.    It  is  fairly  well  defined. 

Estimated  monthly  discharge  of  Central  Oregon  canal  near  Bendy  Oreg.yfor  1906. 


Month. 


March  (7  days) . 

June 

July 

August 

September 

October 

November 

December 


Discharge  in  second-feet. 
Maximum.   Minimum. '    Mean. 


25 
74 
48 
48 
70 
105 
82 
94 


0  t 

0 

0 

0 
20 

0 
16 

0 


The  period. 


14.9 
36.6 
19.5 
26.8 
43.4 
45.9 
65.6 
54.8 


Total  in 
acre-feet. 


207 
2,178 
1,199 
1,648 
2,582 
2,822 
3,904 
3,370 

17,900 


PHOT  BUTTE  OAHAL  NEAR  BEHD,  OREO. 

Water  is  diverted  from  the  right  bank  of  Deschutes  River  about  3  miles  above  Bend  by 
the  Deschutes  Irrigation  and  Power  Company.  About  2  miles  above  Bend  the  ditch 
divides,  forming  the  Central  Oregon  canal  on  the  right  and  the  Pilot  Butte  canal  on  the  left. 

The  gage  on  Pilot  Butte  canal  is  a  vertical  rod  on  the  south  bank  at  canal-survey  station 
88-1-2.5,  a  short  distance  below  the  division  point  and  waste  weir.  The  bench  mark  is  a 
copper  bolt  cemented  in  the  rock  about  2  feet  from  the  gage.  Its  elevation  is  4.76  feet 
above  the  datum  of  the  gage.  Measurements  were  made  during  1905  by  wading.  The 
gage  was  read  during  a  portion  of  the  year  by  G.  A.  Wilson  and  Z.  T.  Gideon,  employees 
of  the  Deschutes  Irrigation  and  Power  Company. 

Discharge  measurements  of  Pilot  Butte  canal  near  Bend,  Oreg.,  in  1905. 


Date. 


May  17 

June  22 

August  10 

September  22. 
November  16 . 


Hydrographer 


Ivan  Landes. 

....do 

....do 

do 

....do 


Width. 

Area  of 
section. 

Square 
feet. 

Mean 
velocity. 

Feet  per 
second. 

Feet. 

31.0 

22.0 

1.00 

32.0 

40.6 

1.52 

32.0 

47.0 

1.72 

31.5 

38.7 

1.29 

30.0 

28.8 

1.96 

Gage 
height. 


Feft. 
1.70 
2.11 
2.30 
2.03 
2.02 


Dis- 
charge. 

Second- 
feet. 

22.1 

61.7 

80.8 

49.8 

56.6 


IHB  178—06 16 
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Daily  gage  height,  in  feet,  ofPUoi  BuUe  canal  near  Bend,  Oreg.,for  1906. 


16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Mar.      Apr, 


1.72 


1.72 

1.73 

1.73 

1.47 

1.47 

1.47 

1.64 

1.64 

1.76 

1.76 

2.0 

2.0 

1.34 

1.34 

1.72 

1.81 

1.8 

1.8 

1.8 

1.8 

1.92 

1.92 

1.92 

1.92 


1.92 
1.78 
1.78 
1.78 
1.78 


May.      June. 


1.1 

1.15 

1.12 

1.16 

1.15 

.6 
1.12 
1.05 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 

.55 
1.15 
1.18 
1.15 
1.15 

.4 

.4 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.12 
1.25 
1.25 


July. 


ao 

1.25 
1.25 
1.25 
1.25 
1.25 

.0 

.0 
1.25 
1.16 
1.35 
1.0 

.98 
1.3 

.0 
1.2 
1.35 
1.05 
1.12 
1.4 
1.4 

ao 

1.4 
1.4 
1.4 

.8 
1.5 
1.35 

.0 
1.4 
1.4 


I 


Aug. 


1.4 

.7 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 

.0 
1.4 

.0 
1.4 

.0 
1.4 

.35 
1.4 
1.4 

.0 
1.45 
1.4 
1.4 
1.38 
1.38 
1.4 
1.35 
1.4 
1.38 
1.4 


Sept. 


2.22 

2.38 

2.38 

2.4 

2.4 

2.3 

2.2 

2.35 

2.2 

2.15 

2.2 

2.3 

2.25 

2.2 

2.18 

2.2 

2.22 

2.25 

2.25 

2.25 

2.2 

2.2 

2.22 

2.25 

2.24 

2.22 

2.22 

2.3 

2.25 

2.28 


Oct.        Nov.        Il«- 


2.25  ' 

2.22 

1.12  I 

2.25' 

2.2S  I 

2.25 

2.25 

2.25 

2.25 

2.25 

2.25 

2.25 

2.22 

2.25 

2.25 

2.25 

2.25 

2.18 

2.2 

2.18 

2.18 

2.12 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.05 

2.06 


2.06 

2.05 

Z06 

2.06 

2.05 

£05 

2.06 

2.05 

2.  OS 

2.06 

2.06 

2.06 

2.06 

2.05 

2.05 

2.06 

2.06 

2.05 

2.06 

2.06 

2.05 

10 

2.0 

2.0 

1.87 

1.83 

2.0 

2.0 

2.0 

2.0 


Li3 

Le 

LS 
LK 

L96 

L« 

LS 

L« 

LK 

L6 

l.« 

LTS 

LS£ 

1* 


.0     I 
L»i 
L%   I 

.« 

.0 

.0 
L» 
L« 

.» 

.0 

.0 

.0 


NoTB.— Gage  readmgs  June  1  to  August  28  on  weir  above  waste  gate.    Length  of  weir  15  feet  with 
end  contractions. 


Station  rating  table  for  Pilot  Butte  canal  near  Bend,  Oreg.,  from  March  6  to  December  SI,  19(^. 


Gage 
height. 

Feet. 
1.40 
1.50 
1.60 
1.70 


Discharge. 

Gaee 
height. 

Second-feet. 

Feet, 

10 

1.80 

18    1 

1.90 

2.00 

23    1 

2.10 

Discharge. 

'  he^. 

Second-feet. 

Feet. 

30 

2.20 

39 

2.30 

49 

2.40 

59 

Discharige. 

Second-feel. 
70 
81 
93 


The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  baaed  on  five  discharge 
ments  made  during  1905.    It  is  well  defined  between  gage  heights  1.7  feet  and  2.4  feet. 
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EsiimaUd  monthly  dMuuye  of  Pilot  Bvtte  canal  near  Bend,  Oreg.ffor  1905. 


Month. 


tfarch  (26  dajs) . 
April  (5  days) . . . 

Tone 

laly 

Aagoat 

Bcpftcmber 

OciolMr 


Tbeprriod. 


Discharge  fn  second-feet. 

Maximum. 

Minimum. 

Mean. 
27.2 

« 

8 

41 

29 

31.4 

«8.« 

12.6 

55.7 

80.9 

.0 

56.3 

85.7 

.0 

66.8 

03 

65 

76.3 

76 

3 

66.8 

54 

32 

5L3 

44 

.0 

23L2 



ToUl  in 
acre-fee(. 


1,403 
311 
3,314 
3,462 
4,107 
4,540 
4,107 
3,053 
1,426 

25,720 


NoTK.— Discharge  approximated  March  7  and  August  29—31. 

OOLUMBIA  BOUTHIRH  OAVAL  HEAR  BEVD,  OREO. 
This  canal  diverts  water  from  the  left  hank  of  Tumallo  Creek  directly  west  of  Bend,  Orep;. 
Ditcharge  meaguremenls  of  Columbia  Southern  canal  near  Bend,  Oreg.,  in  1905. 


Date. 

Hydrographer. 

Jaoe2l 

Ivan  L«andes 

August  10 

.     .do 

Dischaiipe. 

Second-feet. 
48.3 
69.4 


OABWrCHHT.  DITOH  AT  PRmCVIILB.  OREO. 
This  ditch  diverts  water  from  Crooked  River  at  Prineville,  Oreg. 

Ihseharge  measurements  of  Carmichael  ditch  at  Prineville,  Oreg.,  in  1905. 
Date. 


May  18.... 
Jane  19. . . 
August  II. 


Hydrographer. 


Ivan  Landes. 

do 

....do 


Discharge. 

Second-feet. 
34.7 
15.7 
7.1 


HOOD  RIVER  DRAINAGE  BASIN. 

Hood  River  rises  on  the  northern  slopes  of  Mount  Hood  and  flows  northwestward,  enter- 
tog  Columbia  River  at  Hood  River,  Oreg. 

IIOOB  RIVER  AT  WINANS  CITY,  OUECJ. 

This  station  was  established  November  17,  1905,  by  L.  R.  Allen.  It  is  located  3(X)  feet 
below  the  junction  of  the  main  forks  of  the  river,  at  Winans  City,  lOi  miles  above  Hood 
River  post-office,  Oreg. 

The  channel  is  straight  for  300  feet  above  and  below  the  station.  Both  banks  are  high, 
rocky,  slightly  wooded,  and  do  not  overflow.  The  bed  of  the  stream  is  of  coarse  gravel 
tod  is  free  from  vegetation  and  shifting.  There  is  but  one  channel  at  all  stages.  The 
sUeam  has  much  fall  at  all  points,  and  the  current  is  almost  a  cx)ntinuous  rapid. 

Diachaige  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  line. 
Ihe  initial  point  for  soundings  is  a  tin  tag  soldered  to  the  tag  wire  2.5  feet  from  the  anchor- 
1^  on  the  left  bank.  ^  j 
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The  gage  is  a  staff  in  two  sections.  The  lower  section  is  inclined  and  s€M*urely  fast^-ned 
to  the  rock  and  tree  above.  The  upper  section  is  vertical,  and  is  fastened  to  an  aider  trpf. 
The  total  height  of  the  gage  is  20  feet.  It  is  read  once  each  day  by  W.  R.  WiMiix 
The  bench  mark  is  the  highest  point  on  large  rock  about  15  feet  so.uth  of  the  inclined  por- 
tion of  the  gage;  elevation,  18.20  feet  above  the  datum  of  the  gage. 


Discharge  measuremenls  of  Hood  River  al  Winans  City,  Oreg.,  in  1905. 


Dat<?. 


Hydrographer. 


I  Width. 


Area  of 
section. 


Mean 
velocity. 


November  17. .    L.R.  Allen. 
December  23 do 


Feet,   i 
90 
90  I 


Square   \  Feet  per 
feet.      I  second. 

147  a  36 

180  427 


Day. 


Daily  gage  height,  inftrt,  of  Hood  Rit'er  at  Winans  Cityy  Oreg.,  for  1905. 
Day.         Nov.    Dec.  t        i^ay.         inov.  '  jjec.  i 


I  Nov. '  Dec. 


1 

0. 7 

9 

1     1.0 

2 

'      .7 

10 

1.0 

3 

I '       .7 

11 

,     1.0 

4 

' 1       .7 

' I       .8 

'  12 

1       .9 

5 

13 

\       .8 

6 

' '       .8 

14 

[       .7 

7 

1 '       .9  , 

15 

' 1      .7 

8 

9; 

16 

'      .7 

' '  _  _  J 

_  _ 

Day. 



17 

Nov. 

18 



19 

1.5 

20 

10 

21 

.8 

22 

.8 

23 

.8 

24 

.7 

1.8 
1.6 
1.6 
1.4 
1.2 
1.2 
1.0 
.8 


Day. 

Nov. 

a7 

1.3 
1.0 

.9 
.8 
.7 

Dee 

25 

a: 

26 

27 

1.6 

28 

I.i 

29 

I.  J 

30.. 

1.0 

31 

.5 

WILLAMKTTK  RIVER  DRAINAGK  BASIN. 
DESCRIPTION  OF  BASIN. 

Willamette  River  is  formed  by  the  junction  of  C\>ast  Fork  and  Middle  Fork  near  Eugene, 
Ort»g.  Coast  Fork  rises  on  tlio  eastern  slopt^  of  the  Coast  Range  and  Middle  Fork  rises  on 
the  western  slope  of  the  Cascade  Mountains.  A  short  distance  below  the  junction  the 
Willamette  receives  the  waters  of  McKenzie  Fork,  a  large  stream  from  the  east.  Other 
tributaries  of  note  are  Santiam,  Luckiamute,  Molalla,  and  Clackamas  rivers. 

MIDDLE  FORK  OF  WILLAMKl^E   RIVER  AT  JASPER,  OREG. 

This  station  was  established  September  16,  1905,  by  L.  R.  Allen.  It  is  located  at  Jasper 
Ferry,  Jasper  post-office,  Oreg.,  2  miles  al)ove  Natron,  and  3  miles  below  the  mouth  of 
Fall  Creek. 

The  channel  is  straiglit  for  8(X)  feet  above  and  7(K)  feet  below  the  station.  The  current 
is  swift.  The  right  bank  is  high,  covered  with  brush,  and  not  liable  to  overflow.  The  left 
bank  is  lower,  clear  of  brush,  and  is  liable  to  overflow  during  extreme  floods.  The  bed  of 
the  stream  is  composed  of  gravel  or  small  l>owlders  and  is  free  from  vegetation  and  shifting. 
There  is  but  one  channel  at  all  stages.  The  accuracy  of  measurements  may  be  affected  by 
floating  logs. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  line. 
The  initial  point  for  soundings  is  a  tin  tag  on  the  tagged  wire  17  feet  from  the  cable  support 
on  the  right  bank. 

The  gage  is  a  vertical  staff  18  feet  long  spiked  to  a  tree  on  the  right  bank,  30  feet  above 
the  cable.  During  1905  the  gage  was  read  once  each  day  by  W.  H.  Eaton.  The  bench 
mark  is  the  top  of  three  30-penny  nails  driven  into  the  left  sill  near  the  first  vertical  rod  of 
a  bridge  acrass  a  small  creek,  400  feet  below  the  cable;  elevation,  21.43  feet  above  the  datum 
of  the  gage. 
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Discharge  measurements  of  Middle  Fork  of  Willamette  River  at  Jasper ^  Qreg.,  in  1905. 


Dat«. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Feet  per 
second. 

1.16 

2.88 

Gage 
height. 

Dis- 
charge. 

September  16.. 

L.  R.  Allen 

Feet. 
322 
354 

Square 
feet. 

652 

1,366 

Feet. 
1.25 
3.27 

Second- 
feet. 

758 

December  29... 

do 

3,925 

DaUy  gage  height ^  in  feet,  of  Middle  Fork  of  Willamette  Riv&r  at  Jasper^  Oreg.,  for  1906. 


Day.      Sept. 


Oct. 


9. 

10. 
11. 


.1.5 
1.5 
1.4 
1.4 
1.4 
1.9 
3.1 
2.8 
2.2 
1.9 
1.8 


Nov. 


1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.6 
1.6 
1.6 
1.5 
1.5 


Dec. 

3.2 

3.2  j 
3.4 
3.6 
3.2 
3..  I 
3.2  I 

3.5  I 
3.1  |, 
2.9  ' 

2.6  ' 


Day. 


:i 


Sept, 


1.3 
1.3 
1.3 
1.3 
1.3 
1.2 


Oct. 

Nov. 

Dec.' 

1.7 

1.5 

2.5  1 

1.7 

1.5 

2.4 

1.7 

2.3 

1.6 

2.3 

2.5 

2.2 

2.1 

2.3; 

2.6 

2.4 

2.5 

1.9 

2.5 

2.1 

3.0 

2.9 

2.0 

2.3 

2.8^ 

1.9 

2.1 

2.6^ 

Day. 


Sept. 


1.2 
1.2 
1.2 
1.3 
1.5 
1.9 
1.7 
1.6 


Oct. 

Nov. 

1.8 

2.0 

1.7 

1.9 

1.9 

1.8 

2.8 

1.8 

2.4 

2.8 

2.2 

2.5 

1.9 

2.4 

1.9 

3.1 

1.8 

Dec. 

2.5 
2.4 
2.3 
3.6 
4.1 
3.9 
3.4 
3.5 
4.1 


COAST  FORK  OF  WILLAMETTE  RIVER  NEAR  GOSHEN,  OREG. 

This  station  was  established  August  23,  1905,  by  L.  R.  Allen.  It  is  located  at  the  high- 
way bridge  3  miles  east  of  Goshen,  Oreg.,  9  miles  southeast  of  Eugene,  and  about  4  miles 
above  the  junction  of  Coast  and  Middle  forks  of  Willamette  River. 

The  channel  is  straight  for  500  feet  above  and  800  feet  below  the  station.  The  water 
flows  with  an  even  current.  Both  banks  are  covered  with  undergrowth  and  liable  to  over- 
flow during  flood  stages.  The  bed  of  the  stream  is  of  coarse  gravel  or  small  bowlders,  is 
free  from  vegetation,  and  is  liable  to  shift  during  high  water.  There  is  but  one  channel  at 
all  stages,  broken  by  the  piers  of  the  bridge. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  highway  bridge,  530 
feet  in  length,  including  approaches.  The  initial  point  for  soundings  is  two  6-penny  nails 
driven  into  the  6rst  plank  of  the  left  approach  of  the  bridge,  downstream  side.  Low- 
•water  measurements  are  made  by  wading  al)out  100  feet  below  the  bridge. 

The  gage  is  in  two  sections.  The  lower  section  us  a  vertical  staff  fastened  to  an  old  pier 
in  the  center  of  the  stream ;  the  upper  section  is  a  vertical  scale  painted  on  the  lower  bridge 
caisson  on  the  left  bank.  The  total  length  of  the  gage  is  18  feet.  During  1905  the  gage 
was  read  once  each  day  by  John  D.  West.  The  bench  mark  is  the  top  of  a  large  cir-* 
cular  washer  over  the  center  of  the  bridge  cai.sson  on  which  the  iipper  portion  of  the  gage 
is  painted;  elevation,  26.25  feet  above  the  datum  of  the  gage. 

Discharge  measurements  of  Coast  Fork  of  Willamette  Rxt^r  near  Goshen,  Oreg.,  in  1905. 


Dis- 
charge. 
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Daily  gage  height,  in  feet,  of  Coast  Fork  of  Willamette  River  near  Ooehen,  On§.,for  m^ 


Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

Day. 

Aug. 

Sept. 

Oct. 

Not. 

Dee. 

1 

0.25 
.25 
.25 
.25 
.25 
.25 
.25 
.2 
.2 
.2 
.2 
.2 
.25 
.25 
.25 
.25 

0.5 
.5 
.5 
1.4 
2.3 
1.5 
1.01 
l.O 
.8 
.7 
.6 
.7 
1.9 

1.0 
.9 
.8 
.6 
.6 
.5 
.5 
.5 

.3 
.3 
.3 

2.9 
3.0 
3.1 
3.3 
2.8 
2.5 
2.7 
3.2 
2.6 
2.2 
2.0 
2.0 
1.9 
1.5 
1.3 
1.5 

17 

0.25 
.25 
.25 
.25 

1.5 
1.3 
1.3 
1.1 
1.0 
1.0 
.9 
.8 
.9 
2.0 
1.7 
1.5 
1.3 
1.2 
1.0 

0.4 
.6 
1.0 
2.3 
l.§ 
1.5 
1.3 
1.3 
1.2 
1.0 
2.2 
2.3 
1.9 
3.0 

2 

18 

3 

19 

4 

20 

5     . 

21 

6 

22 

iJ 

7 

23 

0.3 
.3 
.3 
.3 
.3 
.3 
.25 
.25 
.25 

8 

24 

9 

25 

10 

26 

11 

27 

12.. 

28 

13 

29 

14 

30 

15..                 ! 

31 

16 

M'KENZIE  RIVER  AT  HENDRICKS  FERRY,  OREG. 

This  station  was  established  September  12,  1905,  by  L.  R.  Allen.  It  is  located  it  Hes- 
dricks  Ferry,  11  miles  above  Spring6eld,  about  3  miles  above  the  mouth  of  Camp  Creek. 

The  channel  is  straight  for  500  feet  above  and  800  feet  below  the  station.  The  currtct 
is  swift.  The  right  bank  is  comparatively  high,  clean,  and  liable  to  overflow  during extreoK 
floods.  The  left  bank  is  somewhat  higher,  covered  with  brush,  and  does  not  overilov 
The  bed  of  the  stream  is  composed  of  coarse  gravel  or  small  bowlders  and  is  free  from  tc^ 
etation  and  shifting.  There  is  but  one  channel  at  all  stages.  The  accuracy  of  iDeisure> 
ments  may  be  affected  by  floating  logs  during  the  running  season. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  lioe. 
The  initial  point  for  soundings  is  a  tin  tag  on  the  tagged  wire  6  feet  from  the  cable  support 
on  the  left  bank. 

The  gage  is  a  vertical  staff  spiked  to  a  willow  tree  about  250  feet  above  the  cable,  oo  tbe 
left  bank.  During  1905  the  gage  was  read  once  each  day  by  Grant  Hendricks.  The  beoeb 
mark  is  the  top  of  a  three-fourths-inch  bolt  cemented  in  the  rock  about  30  feet  bekv  tix 
gage  rod,  on  the  left  bank;  elevation,  14.22  feet  above  the  datum  of  the  gage  and  571^1 
feet  above  sea  level,  the  latter  elevation  being  obtained  from  a  bench  mark  set  by  i  pro- 
fessor and  students  of  the  University  of  Oregon. 

Discharge  measurements  of  McKenzie  River  at  Hendricks  Ferry,  Oreg.,  in  1906. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Oa« 
bel^t. 

chtrft. 

September  12. . 

L.  R.  Allen 

Feet. 
395 
308 
«4 

028 

880 

1,360 

Feei  per 
tecond. 

i.eo 

2.06 
3.58 

Feet. 

i.ao 

1.12 
2.65 

Novembor  10. . 

do 

i.tf 

December  30. . . 

do 

iiC 
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DaUy  gage  height ,  in  feet  ^  ofMcKemie  River  at  Hendricke  Ferry ,  Oreg.,far  1906. 


^r. 

Sept. 

Oct. 

Nov. 

1.3 

1.3 

1.25 

1.25 

1.2 

1.2 

1.2 

1.2 

1.1 

1.1 

1.1 

Dec. 

Day. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.5 

1.5 

1.45 

1.5 

1.55 

1.75 

2.0 

2.2 

2.4 

2.45 

2.2 

2.2 

2.9 

2.9 

2.4 

2.2 

2.0 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

1.3 

1.35 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.45 

1.5 

1.7 

2.3 

1.9 

1.5 

1.9 

1.6 

1.5 

1.4 

1.1 

1.1 

1.1 

1.1 

l.l 

1.1 

1.3 

1.8 

1.75 

1.6 

1.9 

1.85 

1.8 

1.75 

1.75 

2.35 

2.2 

2.1 

2.2 

1.9 

22 

23 

24 

l25 

'26 

27 

28 

|2» 

30 

I*'-;- 

1.3 

1.3 

1.3 

1.7. 

1.55 

1.5 

1.5 

1.5 

1.5 

1.4 

1.3 

1.3 

1.85 

2.1 

1.76 

1.6 

1.5 

1.4 

1.35 

1.55 

1.4 

1.35 

1.25 

1.8 

1.8 

1.75 

1.9 

2.3 

1.96 

2 

1.8 

3 

1.85 

17 

5 

3.4 

3.1 

2.8 

2.6 



2.3 
1.8 
1.7 
1.4 

2.24 

2.8 

10 

2.7 

11 

1 

WILLAMETTE  RIVER  AT  ALBANY,  OREG. 

This  station  was  established  July  21, 1905,  by  L.  R.  Allen.  It  is  located  at  the  Corvallis 
and  Eastern  Railroad  bridge  at  Albany,  Oreg.,  just  above  the  mouth  of  Calipooia  Creek 
and  7  miles  above  the  mouth  of  Santiam  River. 

The  channel  is  slightly  curved  for  about  half  a  mile  above  and  straight  for  half  a  mile 
below  the  station.  The  current  is  uniform  and  has  a  medium  velocity.  The  right  bank 
is  high,  composed  of  sand  and  fine  gravel,  covered  with  brush,  and  does  not  overflow. 
The  left  bank  is  low,  composed  of  sand  and  gravel,  covered  with  brush,  and  subject  to 
overflow  during  high  water.  The  bed  of  the  stream  is  of  sand  and  fine  gravel,  is  free 
from  vegetation,  and  is  liable  to  shift  during  high  water.  There  is  one  channel  at  low 
and  two  at  high  stages,  broken  by  the  piers  of  the  bridge. 

Discharge  measurements  are  made  from  the  upstream  side  of  the  railway  bridge.  The 
initial  point  for  soundings  is  a  large  nail  driven  into  the  upstream  guard  rail  over  the  center 
of  the  right-bank  pier. 

Tlie  gage  is  a  vertical  staff  fastened  to  the  lower  end  of  the  right-bank  bridge  pier.  The 
gage  reads  to  36  feet.  During  1905  the  gage  was  read  once  each  day  by  Fred  Aldrich. 
The  bench  mark  \s  the  top  of  a  railroad  spike  driven  into  a  cross  sill  over  the  second  pier 
from  the  right  bank,  downstream  side ;  elevation,  48.05  feet  above  the  datiun  of  the  gage. 

July  20,  1905,  a  discharge  measurement  made  at  this  station  by  L.  R.  AUen  gave  the 
following  results:  Area  of  section,  3,724  square  feet;  mean  velocity,  0.92  foot  per  second; 
gage  height,  3.29  feet;  discharge,  3,433  second-feet. 

DaUy  gage  height  j  in  feet ,  of  Willamette  River  at  Albany,  Oreg.yfor  1906. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 


Sept. 

2.3 
2.3 
2.3 
2.3 
2.05 
2.05 
I  2.2 
2.2 
2.2 
2.2 
2.2 


Oct. 

2.8 

2.8 

2.8 

2.8 

2.8 

2.95 

2.11 

3.11 

4.9 

4.2 

3.7 


Nov. 

3.4 

3.2 

3.1 

3.05 

3.1 

3.1 

2.11 

2.11 

2.10 

2.10 

2.7 


Dec. 

5.35  I 

5.6 

6.25 

6.5 

6.55 

5.6 

5.5 

6.2 

6.85 

5.6 

5.6 


Day. 

Sept. 

12 

2.2 

13 

2.2 

14 

2.2 

15 

2.2 

16 

2.2 

17 

2.2 

18 

2.2 

19 

2.2 

20 

2.2 

21 

2.2 

Oct. 

Nov. 

3.5 

2.7 

3.2 

2.7 

3.2 

2.6 

2.11 

2.7 

2.11 

2.6 

3.1 

2.6 

3.1 

2.6 

4.05 

2.6 

3.11 

3.65 

3.7 

4.45 

Dec. 

5.05 

4.1 

4.75 

4.7 

4.45 

4.45 

4.8 

4.9 

5.75 

6.75 


Day. 


Sept. 


2.2 
2.2 
2.2 
2.2 
2.2 


Oct. 


I|27 

2.3 

28 

2.4 

J  30 

2.7 

2.7 

31 

3.5 

3.5 

3.3 

3.2 

3.2 

4.3 

4.1 

3.11 

3.7 

3.5 


Nov. 


4.25 

3.1 

3.6 

3.5 

3.45 

3.4 

4.55 

4.5 

4.55 


Dec. 


6.65 

5.75 

5.7 

5.1 

5.5 

7.6 

7.6 

7.8 

7.45 

8.8 
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SANTIAM  mVER  AT  JEFFERSON,  ORBG. 

This  station  was  established  July  19, 1905,  by  L.  R.  Allen.  It  is  located  at  the  Soatbem 
Pacific  Railroad  bridge  at  Jefferson,  Oreg.,  2}  miles  below  the  junction  of  North  and  Sooth 
forks. 

The  channel  is  straight  for  500  feet  above  and  700  feet  below  the  station.  The  cairral 
is  uniform  and  sluggish  at  low  water.  The  right  bank  is  comparatively  high,  dean  at  the 
station,  and  liable  to  overflow  but  little  during  extreme  high  water.  The  left  bank  is  k>v, 
clean,  and  liable  to  overflow.  The  bed  of  the  stream  is  composed  of  rock  and  coaise 
gravel,  is  free  from  vegetation,  and  is  liable  to  shift  during  floods.  There  is  but  one  chan- 
nel at  low  water,  broken  by  the  piers  of  the  bridge,  but  during  floods  water  nina  over  the 
left  bank  and  through  a  slough  several  hundred  feet  to  the  right  of  the  main  channel  The 
accuracy  of  measurements  may  be  affected  by  rafts  of  logs  at  the  mill  near  by  during  \om 
water. 

Discharge  measurements  are  made  from  the  upstream  side  of  the  Southern  Pacific  Rail- 
road bridge.  The  initial  point  for  soimdings  is  on  the  upstream  guard  rail,  near  the  end 
of  the  rail  on  the  right^bank  trestle. 

The  gage  is  a  vertical  staff  fastened  to  the  lower  side  of  the  bridge  piers.  During  1905 
the  gage  was  read  onc«  each  day  by  C.  Alsted.  The  bench  mark  is  the  top  of  four  30-penny 
nails  driven  into  the  cross  sill  over  the  center  of  the  right-bank  pier;  elevation,  35.22  feet 
above  the  datum  of  the  gage. 

July  18,  1905,  a  dischaige  measurement  made  at  this  station  by  L.  R.  Allen  gave  the 
following  results:  Width,  326  feet;  area  of  section,  2,659  square  feet;  mean  velocity,  0.31 
foot  per  second;  gage  height,  3.41  feet;  discharge,  817  second-feet. 

Daily  gage  height,  in  feet,  ofSantiam  River  ai  Jeffersonf  Oreg.  f  for  1905. 


Day. 


,  Oct.  ;  Nuv.    Doc. 


Day. 


Oct. 


1... 
2... 
3... 
4... 

■'^... 
0... 
7... 
8... 
9... 
10... 


7.5 


4.5 

4.4 

4.3 

4.2 

4.15 

4.1 

1  4.0 

1  4.0 

I  3.9 


5.95  I  3.9 

I  5.4    I  3.8 


U.15 

G.85 

6.95 

0.9 

6.5 

0.5 

6.9 

7.4 

6.8 

0.2 

6.0 


12 

5.0 

13 

4.8 

;  14 

4.0 

I  15 

48 

'  **' 

1  10 

6.9 

;  17 

18 

5.4 
5.7 

19 

5.4 

1  20 

21 

5.0 

4.8 

Nov. 

3.8 
3.7 
3.7 
3.0 
.3.6 
3.6 
3.9 
4.5 
0.1 
5.35 


Dec. 

Day. 

Oct. 

Nov. 

Dec. 

5.8 

22 

4.65 

4.5 

4.5 

4.8 

6.6 

5.8 

5.4 

5.0 

4.8 

4.6 

5.0 

lO 

5.6 

23 

4.7  1  5,8 

5.4 
5.2 

24 

1  25 

4.5  1  5.5 
4.4  1  S.4 

5.2 

1  26 

4.5  1  7.6 

6.2 

1  27 

6.6  1  7.4 

6.6 
6.6 

;  28 

1  29 

5.3 
5.3 
6.0 

6.5 

6.8 

1  30 

6.H 

6.5 

[31 

6.95 

Ntmril  FORK  OF  SANTIAM  RIVER  NEAR  MEHAMA,  OREG. 

This  station  was  established  July  11,  1905,  by  L.  R.  Allen.  It  is  located  just  below  the 
highway  bridge  at  Mehama,  Oreg.,  about  IJ  miles  north  of  Lyons,  the  nearest  railroad  sta- 
tion. The  station  is  about  12  miles  below  the  junction  of  Little  North  Fork  and  North 
Fork. 

The  channel  is  straight  for  about  600  feet  above  and  300  feet  below  the  station.  The  cui^ 
rent  is  swift  and  regular.  The  right  bank  is  high,  rocky,  timbered,  and  does  not  overflow. 
The  left  bank  Ls  low,  covered  with  some  brush,  and  is  subject  to  overflow  during  ^oods. 
The  bed  of  the  stream  is  of  rock  or  coarse  gravel,  free  from  vegetation,  and  liable  to  shift 
slightly  during  floods. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  wire- 
The  initial  point  for  soundings  is  zero  of  the  tagged  wire,  25  feet  from  the  cable  support  on 
the  right  banL 
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The  gage  Ls  a  staff  in  two  sections.  The  lower  section  is  inclined.  The  upper  section  is 
vertical,  being  fastened  at  the  lower  end  to  the  inclined  section.  During  1905  the  gage  was 
read  once  each  day  by  F.  U.  Hull.  The  bench  mark  is  the  top  of  a  1-inch  bolt  cemented  in 
soft  sandstone  near  the  gage  rod ;  elevation,  12.60  feet  above  the  datum  of  the  gage. 

DUcharge  measurements  of  North  Forlc  ofSantiam  River  near  Mehama^  Ortg.j  in  1905. 


Dat«. 


July  11 

OcloberlS.... 
XoT«mber  16.. 
December  12.. 


Hydrographer. 


L.  R.Allen. 

.....do 

J.  H.  Lewis. 
L.R.  Allen. 


I 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gaee 
height. 

Feet. 

Square 

Feet  per 
second. 

Feet. 

160 

756 

1.38 

2.90 

202 

1,013 

3.51 

4.44 

155 

756 

1.29 

2.90 

250 

927 

ail 

4.24 

Dis- 
charge. 

Second- 
feet. 

1,048 

3,556 

973 

2,881 


Daily  gage  Jieight,  in  feet,  of  North  Fork  ofSantiam  River  near  Mehanuiy  Oreg.,for  1905. 


pay. 


July. 


1 

2 1 

3 '  .. 

1 

4 

5... 

6 

7 

8 1  

9... 

10 

11 

12... 

2.9 

13 

'     2.9 

14 

.   ..      2.8 

15... 

2  8 

16 

2  « 

....  ... 

Aug.  Sept.  I  Oct.  1  Nov.i  Doc.  i 


Day.       I  July.   Aug. 


2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 


2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.45 


3.35 

3.55 

3.4 

6.8 

5.1 

5.35 


3.55 
3.4 
3.4 
3.4 
3.4 
I  5.25 
!  3.2 


4.3 

'  5.0 
I  6.3 

I  5.1 
I  5.0 
!  5.1 
I  5.5 


2.6 

2.45 

5.2 

3.1 

2.6 

2.45 

4.7 

3.1 

2.6 

2.45 

4.3 

3.1 

2.6 

2.55 

4.1 

3.0 

2.6 

2.8 

3.9 

3.0 

2.6 

2.7 

3.7 

2.95 

2.6 

2.55 

4.9 

2.9 

2.5 

2.5 

4.6 

2.9 

5.9  3. 15  I  .5.6 
5.0 
4.7 
4.4 
4.3 


4.15 
4.1 
4.1 
4.1 


17 

18 

19 

20 

21 

22 

23 

I  24 

i  25 

126 

I  27 

I  28 

I  29 

30 

1  31 


2.8 

2.6 

2.8 

2.6 

2.75 

2.6 

2.75 

2.55 

2.75 

2.55 

12.75 

2.55 

1  2.75 

2.55 

2.7 

2..S5 

2.7 

2.5 

2.7 

2.5 

2.7 

2.5 

2.7 

2.55 

I2.7 

2.55 

'  2.65 

2.55 

!  2.65 

2.5 

Sept. 

Oct. 

Nov. 
2.9 

2.6 

4.4 

2.55 

4.45 

3.35 

2.55 

4.16 

4.8 

2.55 

3.95 

4.6 

2.55 

3.8 

4.0 

2.55 

3.7 

3.8 

2.5 

3.6 

3.7 

2.5 

3.65 

3.55 

4.35 

5.1 

3.5 

4.35 

5.2 

4.4 

3.25 

4.6 

4.2 

3.35 

4.25 

4.0 

3.35 

4.0 

4.1 

3.5 

3.85 
3.65 

4.55 

Dee. 

5.75 

5.4 

5.4 

5.05 

4.75 

4.45 

4.3 

4.1 

4.0 

5.9 

6.25 

4.9 

4.55 

4.7 

4.6 


SOUTH  FORK  OF  .SANTIAM  RIVER  AT  \VATERL.OO,  OREG. 

Tliis  station  was  established  July  28,  1905,  by  L.  R.  Allen.  It  Ls  located  about  one-half 
mile  below  the  highway  bridge  at  Waterloo,  Oreg.  The  station  is  about  4  miles  above  the 
moutb  of  Hamilton  Creek,  and  about  3  miles  above  a  dam  which  diverts  water  into  a  canal 
for  the  use  of  the  town  of  Albany. 

The  channel  is  straight  for  800  feet  above  and  below  the  station.  The  current  has  a  good 
uniform  velocity.  Both  banks  are  fairly  high  and  thickly  covered  with  undergrowth,  but 
are  liable  to  overflow  during  extreme  floods.  The  bed  of  the  stream  is  of  coarse  gravel  or 
small  bowlders,  is  free  from  vegetation,  and  is  liable  to  shift  during  floods.  There  is  but  one 
channel  at  all  stages. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  line. 
The  initial  point  for  soundings  is  a  tin  tag  on  the  tagged  wire,  2 J  feet  from  the  cable  support 
at  the  right  bank. 

The  gage  is  on  the  right  bank  about  100  feet  below  the  cable.  It  is  a  staff  in  two  sections, 
the  lower  inclined,  the  upper  vertical.  During  1905  the  gage  was  read  once  each  day  by 
John  B.  Hudelson.  Bench  marks  were  established  as  follows:  (1)  The  top  of  a  three- 
fourths-inch  bolt  cemented  in  rock  near  the  lower  portion  of  the  gage  rod;  elevation,  2.88 
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feet.  (2)  Tlie  top  of  five  dO-penny  nails  driven  into  the  root  of  a  lai^  fir  tree  about  300  hei 
below  the  cable  on  the  right  bank;  elevation,  24.70  feet.  Elevations  refer  to  the  dat^im  of 
the  gage. 

July  28, 1905,  a  discharge  measurement  made  at  this  station  by  L.  R.  ADen  gave  the  fo^ 
lowing  results:  Width,  150  feet;  area  of  section,  246  square  feet;  mean  velocity,  132  feet 
per  second;  gage  height,  1.06  feet;  discharge,  375  second-feet. 

DaUy  gage  height^  infetty  of  South  Fork  ofSarUiam  River  at  Waterloo ,  Ortg.,f€ir  1906, 


Day. 

July. 

Aiig. 

Sept. 

Oct. 

Nov. 

2.1 
2.0 
2.2 
1.9 
1.9 
1.9 
1.7 
1.6 
1.6 
1.5 
1.5 
1.5 
1.4 
1.4 
1.4 
1.4 

Dec. 

3.4 
3.9 
.2 
4.2 
3.2 
3.9 
4.5 
4.9 
4.9 
4.5 
3.2 
3.0 
3.0 
2.7 
2.7 
2.7 

Day. 

July. 

Aug. 

Sept. 

: 

Oct., 

3.3  1 

^^ 
2.5 

i3| 

2.2 

2.2 

2.0 

2.3 

3.9 

2,8 

2.3 

2.5 

2.3 

2.3 

NOT.I 

! 

1.4 
1.8 
10 
3.2 
12 
13 

11 

1.9 
10 
3.1 
18 
16 
3.4 

Dec 

1 

1.05 
1.0 
1.0 
1.0 
1  0 

0.8 

.8 
.8 

.9 

.8 
.8 

1.5 
1.6 
4.5 
3.0 
3.1 
3.5 
4.4 
3.6 
3.0 
2.6 
2.3 
2.2 
2.0 
2.4 
3.9 

1.0 
1.0 
1.0 
1.0 
1.0 
.9 
.9 
.9 
.9 
.8 
.8 
.8 
.8 
.8 
.8 

.9 
.9 
.9 
.9 
.8 
.8 
.8 
.8 
.8 
1.0 
1.9 
1.8 
1.8 
1.5 

4.0 

2 

18 

317 

3 

19 

X8 

1 

4.     .             ' 

i  20  .    ... 

4.0 

5 t 

j  21 

3.6 

« 1 

1.0 

1  22 

13 

7.                   '            '  1-0 

23  • 

11 

8 

I.O 

[  24 

17 

9 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

25 

17 

10.      .          1 

26 

15 

u..:;:::::::i...:: 

27 

4.4 

12 1 

'  28 

4.2 

13.... 

'  29 

1.05 
1.05 
1.05 

».7 

14 

'  30 

^0 

15 

31 

1     O 

16 

I.UCKIAMrTE  KIVER  NEAR  SUVER,  OREG. 

This  station  was  established  August  18,  1905,  by  L.  R.  Allen.  It  is  located  just  bekyv 
Helmick  bridge  on  the  public  highway,  4  milea  northwest  of  Suver,  Oceg.,  2  miles  west  of 
Parkers  Station,  and  about  3  miles  below  the  junction  of  the  main  forks  of  the  river. 

The  channel  is  straight  for  300  feet  above  and  below  the  station.    The  current  is  regular. 

Both  banks  are  high,  covered  with  brush,  and  liable  to  overflow  during  extreme  floods. 
The  bed  of  the  stream  is  of  .sand,  is  free  from  vegetation,  and  shifts  during  floods.  There  l^ 
but  one  channel  at  all  stages. 

Di}«!harge  measurements  are  made  by  moans  of  a  cable,  car,  tagged  wire,  and  stay  line- 
The  initial  point  for  soundings  is  a  tag  on  the  tagged  line  7.2  feet  from  the  cable  support  on 
the  right  bank. 

The  gage  is  on  the  left  bank  at  the  bridge.  It  is  in  two  sections,  the  lower  inclined,  tb*' 
upper  vertical,  both  being  secured  to  posts  supporting  the  bridge.  The  gage  rod  reads  to 
32.8  feet.  During  1905  the  gage  was  read  once  each  day  by  Maggie  J.  Evans.  The  bench 
mark  is  the  top  of  three  30-penny  nnils  driven  into  the  cross  sill  of  the  bridge,  downstream 
side,  5  feet  from  the  end  of  the  first  panel  from  the  left  bank;  elevation,  39.86  feet  above  the 
datum  of  the  gage. 

Discharge  measurements  of  Luckiamule  River  near  Suver ,  Oreg.y  in  1906. 


Pate. 


Area  of 
Bection. 

Mean 
velocity. 

Gaee 
height. 

Dis- 
charge. 

Square 
feet. 

Feet  per 
second. 

Feet. 

Second- 
feet. 

121 

0.60 

1.47 

73 

671 

2;  07 

a67 

1,182 
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DaUygage 

height  f  in  feet,  of  Luekiamute  River  near  Suver,  Oreg.,for  1906. 

Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 



6.6 

7.3 

7.55 

7.15 

6.45 

7.25 

7.30 

7.0 

6.25 

6.0 

5.8 

5.1 

5.1 

4.8 

4.35 

4.2 

Day. 

Aug. 

Sept. 

Oct. 

3.5 

3,5 

3.4 

3.3 

3,0 

3.0 

2.85 

2.8 

2.95 

3.65 

3.1 

a35 

2.8 

2.8 

2.7 

Nov. 

2,0 

2.1 

3.0 

7.75 

5.5 

4.5 

4.15 

3.75 

3.5 

3.2 

3.7 

3.6 

3.6 

5.55 

Dec. 

1 

0.05 

.9 

.»5 
1.2 
lio 
1.5 
1.5 

.95 

.95 
1.0 
1.0 
1.0 
1.1 
1.1 
1.5 
1.0 

2.5 

2.2 

2.5 

9.0 

fl.2 

7.1 

7.6 

7.7 

6.65 

6.35 

4.55 

4.5 

3.6 

3.3 

3.3 

4.15 

2.8 

2.55 

2.75 

2.45 

2.6 

2.4 

2.2 

2.3 

2.05 

2,15 

2.15 

2.1 

2.0 

2.05 

2.0 

2.0 

17 

1.3 

1.1 

1.25 

1.5 

1.2 

1.1 

1.1 

1.1 

1.15 

1.8 

3.2 

3.5 

2.75 

2.6 

8.4 

2 

18 

12.0 

3 

19 

10.7 

4 1 

20 

1.25 

1.2 

1.25 

1.5 

1.1 

.95 
1.0 

.95 
1.5 
1.1 
1.4 
1.0 

14.35 

5 

21. 

13. 15 

6 

22 

11.4 

7 

23 

9.76 

8 

24 

9.2 

ft 

25     . 

8.3 

10 

26 

15.4 

11 

27 

15.2 

12 

28 

13.0 

13 

29 

12.2 

14 

30 

12.4 

15 

31 

1&C5 

16 

MOLu^LLA  RIVER  AT  DICKEY  PRAIRIE,  OREO. 

This  station  was  establbhed  November  1,  1905,  by  L.  R.  Allen.  It  is  located  at  Dickey 
Prairie,  3  miles  below  tbe  junction  of  the  forks  of  the  river,  3}  miles  southeast  of  Molalla, 
Oreg. 

The  channel  b  straight  for  400  feet  above  and  below  the  station.  The  current  is  swift 
and  somewhat  rough.  The  right  bank  is  low,  wooded,  and  subject  to  overflow.  The  left 
bank  is  fairly  high,  covered  with  brush,  and  not  liable  to  overflow.  The  bed  of  the  stream 
is  of  coarse  gravel  or  small  bowlders,  free  from  vegetation,  and  shifting.  There  is  but  one 
channel  during  low  and  ordinary  stages,  but  during  extreme  high  water  there  is  a  slough  on 
the  right  bank,  which  will  have  to  be  measured  by  wading. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  line,  and  stay  wire. 
The  initial  point  for  soundings  is  a  tin  tag  on  the  tagged  wire  7  feet  from  the  cable  support 
on  the  right  bank. 

The  gage  is  a  staff  in  two  sections  on  the  left  bank,  about  200  feet  above  the  cable.  The 
k>wer  section  is  inclined  and  fastened  to  the  rock.  -  The  upper  section  is  vertical  and  fastened 
to  an  alder  tree.  The  total  height  of  the  gage  is  14.00  feet.  It  is  read  once  each  day  by 
Raymond  Dickey.  The  bench  mark  is  the  top  of  three  30-penny  nails  driven  into  a  bench 
made  on  the  root  of  a  flr  tree  about  20  feet  south  and  30  feet  west  of  the  gage;  elevation, 
14.85  feet  above  the  datum  of  the  gage. 

November  2, 1905,  a  dischaige  measurement  made  at  this  station  by  L.  R.  Allen  gave  the 
following  results:  Width,  106  feet;  area  of  section,  226  square  feet;  mean  velocity,  1.68  feet 
per  second;  gage  height,  1.83  feet;  discharge,  376  second-feet. 

Daily  gage  height,  in  feet,  of  Molalla  River  at  Dickey  Prairie,  Oreg.,  for  1905. 


Day. 

Nov., 

Dec. 

2.8 
4.5 
4.0 

a6 
a8 

3.8 

3.85 

3.5 

1.85 

1.8 

1.75 

1.75 

1.7 

1.6 

1.&5 

1.5 

Day. 

Nov. 

9 

1.45 

1.4 

1.4 

1.35 

1.35 

1.3 

1.3 

1.25 

10 

11 

12 

13 

14 

15 

16 

3.2 

2.9 

2.7 

2.55 

2.45 

2.3 

2.25 

2.45 


Day. 


Nov. 

Dec. 

1.25 

3.8 

1.6 

3.5 

3.7 

3.4 

2.9 

3.2 

2.5 

3.1 

Day. 


I  Nov. 


2.25 
2.05 
1.9 


2.85 

2.7 

2.45 


2.9 
2.55 
2.4 
!  2.0 
2.9 


Dec. 


2.4 
3.7 
3.4 
3.1 
2.8 
3.2 
3.0 
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CLACKAMAS  RIVER  NEAR  BARTON,  OREO. 

This  station  was  established  October  2, 1905,  by  L.  R.  Allen.  It  is  located  2)  mfles  below 
Barton,  Oreg.,  li  miles  below  the  mouth  of  Deep  Creek. 

The  channel  is  straight  for  500  feet  above  and  600  feet  below  the  station.  The  carrcnt  is 
swift.  The  right  bank  is  comparatively  high,  clean,  and  liable  to  overflow  during  extreoie 
floods.  The  left  bank  is  high,  covered  with  brush,  and  does  not  overflow.  The  bed  of  the 
stream  is  of  coarse  gravel  or  small  bowlders,  free  from  vegetation,  and  shifting.  There  a 
but  one  channel  at  all  stages. 

Discharge  measurements  are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  wiir. 
The  initial  point  for  soundings  is  the  tin  tag  on  the  tagged  wire  1.7  feet  from  the  cable  support 
on  the  right  bank. 

The  gage  is  a  staff  in  two  sections,  on  the  right  bank  at  the  cable.  The  lower  sectiofi  is 
inclined,  the  upper  section  is  vertical.  During  1905  the  gage  was  read  once  each  day  by 
Le  Roy  Breithaupt.  Bench  marks  were  established  as  follows:  (1)  The  top  of  thiw  3D- 
penny  nails  driven  into  the  sill  at  the  northwest  comer  of  an  old  bam  southeast  of  the  gage; 
elevation,  19.21  feet.  (2)  The  top  of  the  head  of  a  bolt  driven  into  a  large  alder  tree  by  the 
upright  portion  of  the  gage;  elevation,  16.09  feet.  Elevations  refer  to  the  datum  of  the 
gage. 

October  2,  1905,  a  discharge  measurement  made  at  this  station  by  L.  R.  Allen  gave  the 
following  results:  Width,  310  feet;  areaof  section,  704  square  feet;  mean  velocity,  2^  fe«t 
per  second;  gage  height,  3.30  feet;  discharge,  1,598  second-feet. 

Daily  gage  height,  in  feet,  of  Clackamas  River  near  Barton,  Oreg.,  for  1905, 


Day.       '  Nov. 

1 

- 

Day. 

Nov. 

! 
Dec. 

4.8 
4.5 
4.3 
4.12 
4.0    ' 
3.9 
3.8    1 
:\  R 

Day. 

Nov. 

Dec.j 

Day. 

Nov. 
3.55 

as 

4.33 
4.1 
4.1 
4.19 

D«. 

1 
1 

4.23 

5.47 

5.3 

5.1 

4.8 

4.8 

4.9 

5. 13 

9 

17 

2.9 

3.1 

3.62 

4.7 

4.1 

3.82 

3.7 

3.5 

4.6    , 

25 

iO 

2 

10 

18 

5.3    '    26 

5.25  '1  27 

6.2    II  28 

4.8    ll  29 

4.6    ,|  30 

4.33      31 

4. 1 

il 

3   ...               

11..     . 

19.       .  . 

&05 

4 , 

12 

3.0 
3.0 
3.0 
3.0 
3.0 

20 

ITS 

1 
5                    , 

13 

21 

155 

6 ' 

14 

22 

4. 5 

7 ' 

15 

23 

18 

8     . 

16 

24 

! 

1 

MISCKLLANKOUS  MEASUREMENTS. 

The  following  miscellaneous  discharge  measurements  were  made  in  the  Colombia  Rivtf 
drainage  ba.sin  in  Ore^n  in  1905: 

MisceJianeouH  discharge  meamirements  made  in  Columbia  River  drainage  basin  in  Oregon 

in  1905. 


Date. 

Stream. 
Bear  Creek 

Locality. 

Width. 

Feet. 
29.2 
30.5 
35.5 

Area 
of  sec- 
tion. 

33.5 
34.6 

G6.8 

Mean 
veloc- 
ity. 

Gaae     Di»- 
het£^t.rb«ige 

January  8 

Wallowa 

Ft.  per             i  Stc- 
second    Feet.  '  feet. 
2.54    75.2 

March  31 

May  19 

September  18 . . 

do 

do 

^o 

do 

^« 

do 

...do 

1.56 

4.56 

;  515 

: 1 3K 

1        .5 

November  19  . . 

do 

19.3 
11.3 
14.5 
42.8 
43.5 


14.9 
4.4 
10.1 
53.2 
96.5 

.81 

.77 

2.40 

3.69 

4.07 

,     12.1 

Novembers  ... 

Birch  CriM^k 

do 

j  Burnt  River 

do 

do.o 

Pendleton 

1     u 

December  23... 
March  3 

do 

Huntington 

212 

196 

March  24 

September  14 . . 

do 

1 do 

3W 

1 
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MiscManeous  discharge  measureffients  made  in  Columbia  River  drainage  basin  in  Oregon 

in  1905 — Continued. 


I>ate. 


Stream. 


November  22  .    Burnt  River. 

June  lO Canyon  Creek 

At]|^st3 Crescent  Creek... 

April  15 ,  Crooked  River... 

I 

April  lA. ' do 

M*y  !♦ I do 

Jane  10 ] do 

Augast  11 ' do 

November  10  .1 do 

Decembers...' do 

March  4 '  Deschutes  River.. 

May  26 do 

May  28 do 

June  27 ; do 

Do do 

Augusts do 

October  28 do 


Locality. 


I 


November  17  . ' do 

December  10. . ! do 

.\pril26.. 


East    Fork   of 
chutes  River. 


Des- 


Apnl  29 do 

June  25 do 

Do I do 

March  5 Deschutes  Irrigation 

and    Power    Com- 
pany's flume. 

June  10 John  Day  River 

Septemtter McKay  Creek , 

November  16  . 

December  23.. 

September  20  . 

April  16 

May  18 

Decembers... 


Huntington 

Canyon  City 

Outlet  Crescent  Lake. . . 

NE.JSW.isec.6.T.  17 
8..  R.  17  E.,  Willa- 
mette meridian. 

Forest 

do 

do 

Prinevllle 

do 

Forest 

B.  West's  farm 

Royce's  ranch 

Black  Rock  Ford 

Royce's  ranch 

Black  Rock  Ford 

Royce's  ranch 

8W.  i  SW.  \  sec.  31, 
19iyi.  11  E. 

B.  West's  farm 

do 


Width 


T. 


i  mile  below  gaging  sta- 
tion at  Odell. 


....do 

....do 

....do 

Near  Bend . 


John  Day  City i 

Pendleton I 

do do I 

do do 

Minam  River At  mouth  near  Elgin... 

Ochoco  River Prinevllle I 

do do 

do do j 

May  28 1  Odeil  Lake  Outlet....!  Odell  Lake I 

June  26 1 do ' do ' 

Augusts do I do \ 

September  12  .,  Owyhee  River ,  Wilson's  ranch,  Owyhee 

October  13 do ' do 


Feet. 
27 
26 
26 
83 

90 

85 

24 

17 

26 

55 
107 

22,5 

73 

23 

73 

30 
106 

106 
106 
44 

43 
43 
43 
5.3 

30 


Area 
of  sec- 
tion. 

Square 

17.4 
18.8 
29 
287 


301 

162 
23 
5.6 
16.5 
75 

658 
27 
81.9 
21.5 
80.4 
12.1 

584 

574 
576 
34.8 

36.8 
33 
33 
5 

81.4 


March  8 '  Pauline  Creek. 

May  24 ' do 

June  24 do 

October  25. 


Quigley  Creek ,  3 


Rosiand. 

....do... 

....do... 

milos 
Idaho. 


from    Jlailey. 


October  12 

March  17 

Aprll2 

Octobers 

I>ecember4... 
^^ecemberS... 


Sandy '  Salmon  River post-oflice 

Satas Alfaila 

do do 

Silver  Creek Thompson's  Valley 

Squaw  Creek '  Sisters,  above  diversions 

do I do 


14.2 

38 

62.5 

21 

37 

12 

45 

45 

38 

20 

29.5 

8 

7 

7 

4.9 


Mean 

veioc- 

Jty. 

Ft.  per 
second. 

1.94 

2.63 

2.96 

2.19 


2.45 
1.67 
1.35 
1.67 
3.09 
1.05 
3.16 
2.98 
2.40 
2.13 
1.92 
1.28 
2.50 

2.63 
2.39 

1.78 

1.78 
1.51 
1.33 
4.50 

3.30 


Gage 
leigbt. 


Feet. 


Dis- 
charge. 


5.8 
85.7 
56.7 
21.4 
28.7 

5.5 
54.5 
40.4 
22.7 

4.6  I 
12.5  I 

5.5  I 

4.9 

3.4  j 

1.72 


.71 
1.02 
1.09 
2.44 
1.74  I 

.76' 
2.18 
1.84 
1,88  ' 
1.04  I 
1.10 
2.22 
1.62 
1.12  I 
1.69  ! 


92.5 

322 

4.3.5 

38 

103 

1.91 

64 

100 

2. 25 

12.5 

8.4 

1.31 

30 

29 

1.67 

31 

30 

i.eo 

1.V2 


Sec- 
feet. 

33.0 

49.4 

85.8 

628 

737 
270 
54 
9.4 
51 
79 
2.080 
80.4 
197 
45.8 
154 
15.4 
1,501 

1,460 
1,375 
68.4 

65.7 
50 
44 
22.6 

260 
Dry. 
4.1 

87.1 
61.9 
52.2 
50 

4.2 
119 
90.8 
42.6 

4.8 
13.7 
12.1 

8 

3.8 
'        2.91 

1,400 
197 
225 

11 

49 

50 
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MiseeVametms  disthuye  iMasuremenls  made  in  Columbia  River  drainage  bann  in  On^ 

in  1905— ContiDucd. 


Date. 


Stream. 


I 


Februarys TumaJlo Creek.. 

March  6 do 

June  21 do 

August  10 '....do 

November  26 do 

DeoemberG do 

September  38 . .    Tmattlla  Rirer. 

October2 do 

October  5 do 

October  10 do 

October  18 do 

October  24 do 

Octol»er26 do 

October  31 do 

August  9 do 


September  30  . . ' do. 

September  19. .    Wallowa  River. 


November  16  . . 
December  23... 
December  14... 


LocaUty. 


Wild  Horse  Creek. 
....do 


I  South  Fork  of  Vam- 
i     hill  River. 


Bend... 
....do.. 
....do.. 
....do.. 

do.. 

do.. 

Fosters. 

do.. 

....do.. 


.do. 
.do. 
.do. 
.do. 
.do. 


Below  Echo,  in  f>ec.  16, 
T.  4.  R.  28  E. 


.do. 


Wallowa    Falls   above 
Wallowa  Lake. 

Rug's  ranch.  Pendleton 

...do 

Sheridan 


Width. 


Feet. 
26 
26 
25 
18 
24 
2S 


61.8 

66 

69.4 

69 

70 

71.5 

19.5 

17.3 
21 

3.2 
3 
122 


Area 
of  sec- 
tion. 

Meani 

x-eloc- , 

ity.    1 

feS. 

tefomd. 

37.6 

3.17 

36.9 

3.17 

39 

3.44 

8.9 

1.18 

32 

3.00 

33 

2.11 

45.7 

.42 

50.2 

.65 

44.8 

.42 

&5.2 

.78 

60.5 

.95 

60.3 

.83 

63.9 

.93 

65.4 

1.05 

22.6 

.73 

22.1 

.82 

21 

1.57 

.9 

.51 

.96 

1.77 

428 

1.36 

'  jbe^u  f  I 


IHs- 


Feer. 


1.00 
.87 
1.00 
1.17 
1.15 
1.18 
1.22 


ftf*. 
1» 
117 
134 

MtC 

Sf7 

70 

19 

3r» 

18.6 

43 

57.6 

50.1 

5B.7 

68.5 

165 

18.1 
33 

.46 
J.  7 


PUGET  SOUND  DRAINAGE  BASIN. 

For  convenience  in  arrangement,  the  smaller  rivers  which  have  their  headwaters  on  the 
western  slope  of  the  Cascade  Range  and  which  flow  into  Puget  Sound  north  of  Seattle  bare 
been  grouped  as  the  Puget  Sound  drainage. 

WHITE  RIVER  DRAINAGE  BASIN. 

White  River  has  its  source  near  Mount  Rainier  and  flows  into  Puget  Sound  near  Seattle, 
Wash.     Cedar  River  is  a  tributary  of  White  River. 

CEDAR  RIVER  NEAR  RAVENSDALE,  WASH. 

This  sUtion  was  established  September  27,  1902,  by  T.  A.  Noble.  It  is  located  at  the 
intake  of  the  Seattle  waterworks  and  is  15  miles  below  Cedar  Lake,  4  miles  from  the  North- 
em  Pacific  Railway  at  Ravcnsdale,  and  6  miles  from  the  Columbia  and  Puget  Sound  Rail- 
way at  Maple  Valley. 

The  channel  is  straight.  The  right  bank  is  steep;  the  left  bank  has  a  sbping  graveUy 
beach.  The  bed  is  permanent,  rocky  near  the  right  bank,  and  of  sand  and  gravel  near  the 
left  bank.  -^ 

Gagings  at  this  station  are  made  at  two  points.  The  first  is  142  feet  below  the  dam, 
where  the  cross  section  is  small,  the  current  rapid,  and  conditions  suitable  for  gaging  at 
stages  below  1  foot  on  the  gage.  The  measurements  at  this  point  are  made  from  a  cable. 
The  initial  point  for  soundings  is  on  the  right  bank.  To  the  discharge  measurements  made 
below  the  dam  should  be  added  the  amount  of  water  flowing  into  the  gravity  system  which 
supplies  the  city  of  Seattle.    This  varies  from  34  to  37  second-feet.    The  dischaiige  of  this 
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pipe  line  was  measured  during  the  winter  of  1901-2  by  T.  A.  Noble,  and  the  results  have 
been  publidied  in  volume  49,  page  112,  Transactions  of  the  American  Society  of  Civil 
Kngififers. 

At  all  stages  of  the  river  above  1  foot  on  the  gage  the  measurements  are  made  from  a 
cable  located  600  feet  above  the  dam,  at  a  point  where  the  cross  section  is  large  and  suitable 
for  gaging  the  higher  stages  of  the  river.  The  initial  point  for  soundings  is  a  spike  driven 
into  the  top  of  a  hemlock  stump  about  l2  inches  in  diameter  near  the  edge  of  the  water. 

The  gage  is  a  plain  staff,  to  which  is  attached  a  hook  gage  and  vernier  reading  to  thou- 
sand! bs.  When  this  gage  is  at  zero  the  hook  is  level  with  the  crest  of  the  dam.  It  is 
fastened  securely  to  the  head-gates  above  the  dam,  and  during  1905  was  read  daily  by 
Geoiige  Landsburg.  The  bench  mark  is  the  crest  of  the  dam.  The  elevation,  from  city 
levels,  of  the  south  end  is  535.831  feet  and  of  the  north  end  535.840  feet. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

DcvcriptioD:  100.  pp  463-464;  135.  pp  276-277. 
Diachaise:  100.  p  464;  135.  p  277. 
Discharge,  monthly:  100.  p  465;  135.  p  278. 
Gage  heights:  100.  p  464;  135.  p  2n. 
RmXing  table:  100.  p  465;  135.  p  278. 

Daily  gage  Tieighif  in  feet,  of  Cedar  River  near  Raverufdale,  Wanh.,for  VJ05. 


Day. 

Jan. 

1.53 
1.64 
1.71 
1.72 
1.64 
1.50 
1.35 
1.30 
1.21 

1 

2 

3 

4 

5 

6 

8 

9 

10 

1.14 

11 

1.08 

12 

104 

13 

.96 

14 

.90 

15 

.95 

.92 

.80 

.88 

.86 

.87 

.86 

.86 

.88 

.90 

1.03 

1.02 

1.40 

1.66 

1.69 

1.55 

1.43 

16 

17 

18 

W 

30.... 

21 

22 

23.... 

24 

25 

25 

27 

28 

2B 

30 

31 

Feb. 

1.30 

1.19 

1.72 

1.58 

1.51 

1.48 

1.47 

1.43 

1.40 

1.38 

1.32 

1.28 

1.25 

1.18 

.97 

.73 

.60  I 

.71  i 

.76 

.74  ! 

.77 

.74 

.76 

.78 

.77 

.76 

.74 

.83 


Mar.     Apr.     May.  I  June.  '  July.  I  Aug.  !  Sept.     Oct.  |  Nov. 


0.93 
1.41 
1.76 
1.79 
1.73 
1.63 
1.51 
1.47 
1.44 
1.48 
1.47 
1.48 
1.38 
1.27 
1.17 
1.08 
1.05 
1.04 
1.05 
1.10 
1.17 
1.26 
1.30 
1.50 
1.55 
1.57 
1.61 
1.54 
1.46 
1.33 
1.20 


1.27 
1.22 
1.17 
1.07 
1.05 
1.06 
1.00 
1.00 
1.06 
1.06 
1.08 
1.05 
1.04 
1.08 
1.06 
1.05 
T.04 
1.03 
1.08 
1.46 
1.51 
1.49 
1.47 
1.47 
1.54 
1.55 
1.46 
1.39 
1.28 
1.18 


1.04 

1.07 

1.06 

1.02 
.99 
.98  ; 

1.02  ^ 
.91  ; 

1.25 

1.14  , 

1.11  I 

1.06 

1.15 

1.29 

1.40 

1.47 

1.44 

1.37 

1.29 

1.25 

1.32 

1.42 

1.91 

2.74 

2.46 

2.13 

1.9.'> 

1.96 

1.91 

1.80 

1.75 


1.72 

1.64 

1.70 

1.93 

1.81 

1.71 

1.09 

1.58 

1.51 

1.45 

1.36 

1.31 

1.18 

1.12 

1.09 

1.05 
.99 
.97 
.94 
.98 
.95 
.92 
.90 
.89 
.92 
.91 

1.00 

1.22 

1.19  i 

l.Oti  ' 


.96 
.93 
.91 

.88 
.86 
.85 
.81 
.78 
.77 
.77 
.76 
.84 
.77 
.77 
.81 
.79 
.77 
.75 
.73 
.72 
.71 
.71 
.70 
.70 

.m 

.09 


0.67 
.67 
.67 
.67 
.66 
.65 
.65 
.04 
.65 
.64 
.64 
.63 
.61 
.62 
.60 
.01 
.63 
.61 
.59 
.58 
.58 
.58 

..OO 
.56 
.56 
.56 

.58 
.58 

.58 


0.58 
.58 
.57 
.57 
.56 
.56 
.54 
.55 
.54 
.54 
.54 
.54 
.59 
.58 
.57 
.57 
.56 
.50 
.57 
.58 
.57 
..55 
.5;} 
.54 
.60 
.(i3 
.00 
.(»  I 
,01 
.00 


0.60 

.71 
1.53 
1.49 
1.70 
1.88 
1.78 
1.98 
1.82 
l.CiO 
1.50 
1.39 
1.35 
1.27 
1.32 
1.26 
1.26 
1.24 
1.17 
1.11 
1.07 
1.03 

.99! 
1.02  I 
1.47 
1.49 
1.41 
1.29 
1.23 
1.15 
1.09 


1.06 
.98 
.97 
.98 
.94 
.90 
.90 
.87 
.83 
.78 
.76 
.76 
.74 
.72 
.72 
.72 
.71 
.74 
1.15 
1.10 
1.04 
1.02 
.98 
.94 
1.30 
I.(i0 
1.65 
1.54 
1.39 
1.29 


Dec. 

1.20 
1.32 
1.36 
1.38 
1.40 
1.38 
1.43 
1.44 
1.40 
1.36 
1.28 
1.24 
1.17 
1.14 
1.12 
1.09 
1.27 
1.34 
1.38 
1.42 
1.38 
1.32 
1.28 
1.35 
1.37 
1.71 
1.79 
1.65 
1.53 
1.49 
1.39 


I 
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SNOHOMISH  RIVER  DRAINAGE  BASIN. 


Snoqualraie  and  SkykomUh  rivers  unit«  to  form  the  Snohomish,  which  flows  into  Pu|?Pt 
Sound  about  10  miles  beyond  the  junction,  near  Everett,  Wash.  The  Stilaguamish  lies 
north  of  the  Skykomish  and  has  a  parallel  course. 

SOUTH   FORK  OF  SKYKOMISH   RI\TCR  NEAR  INDEX,  WASH. 

This  station  was  established  October  6,  1902,  by  T.  A.  Noble,  and  was  discootiDued 
September  30,  1905.  It  is  located  about  2  miles  above  Index  and  about  300  feet  from  tbf 
railroad  track. 

The  channel  is  straight  for  500  feet  above  and  300  feet  below  the  station.  Both  banb 
are  of  solid  rock  and  not  liable  to  overflow.  Tlie  bed  of  the  stream  is  of  sand  and  gravel,  not 
liable  to  change  except  near  the  If  ft  bank,  where  the  sand  shifts  at  high  water.  This  does 
not  cau.se  any  important  change  in  the  cross  section.  Thb  station  is  300  feet  upstream 
from  Sunset  Falls,  where  the  river  plunges  down  a  solid  granite  ledge  with  a  slope  of  about 
two  horizontal  to  one  vertical.  The  ledge  answers  the  purpose  of  a  spillway  in  regulating 
the  flow  of  the  river  at  the  gaging  station,  since  the  water  has  a  free  discharge  and  a 
permanent  bed  just  Ix'low  the  station. 

Discharge  measurements  are  made  by  means  of  a  cable  and  car.  The  initial  point  for 
for  soundings  is  on  the  left  bank  at  a  plug  driven  in  the  solid  rock  K)  feet  from  the  edge 
of  the  stream  at  low  water. 

A  stafl"  gage  is  fastened  to  the  solid  rock  A  hook  gage  is  used  for  reading  to  hundredtb^s 
of  a  foot.  During  1905  the  gage  was  read  once  each  day  by  LouisG.  Heybrook.  The  bench 
mark  is  a  cross  cut  in  the  rock  about  6  feet  above  low  water  and  40  feet  downstream  from 
the  gage;  elevation,  9.232  feet  above  the  datum  of  the  gage  and  679.158  feet  above  9» 
level,  as  obtained  from  the  Great  Northern  Railway. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Description:  85,  p  222;  100,  pp  471-472;  135,  pp  278-279. 

Discharge:  85,  p  "228. 

Discharge,  monthly:  100,  p  474;  i:«,  p  280. 

Gage  heights:  85,  p  223;  100,  pp  472-473;  135,  p  279. 

Hating  lahlr:  100,  p  473;  135,  p  280. 

Daily  gage  height,  in  feet,  of  South  Fork  of  Skykomish  River  near  Index,  Wash,,  for  1905. 


Day. 


4. 

5. 

6. 

7. 

8.. 

9. 
10. 
11. 
12.. 
13. 
14. 
15. 
16. 
17. 
18. 


Jan. 

Fob. 
2.93 

Mar. 
5.72 

Apr. 
3.14 

May. 

June, 

July. 

Aug. 

Sept. 

3.55 

3.53 

7.02 

3.71 

1.83 

1.51 

4.72 

2.71 

6.85 

3.07 

•    3.2 

6.21 

3.45 

1.81 

1.34 

5.25 

2.78 

7.2 

3.02 

3.24 

8.1 

3.31 

1.66 

1.^ 

5.4 

2.0 

7.1 

2.94 

3.21 

7.45 

a28 

1.62 

1.28 

5.43 

2.4« 

6.41 

3.27 

3.6 

5.7 

a25 

1.62 

1.15 

3.88 

2.15 

5.72 

3.45 

3.87 

5.5b 

a  19 

1.6 

1.12 

3.55 

2.38 

5.21 

3.91 

4.48 

5.61 

aos 

1.58 

1.08 

3.21 

2.15 

6.21 

4.39 

5.66 

5.98 

2.92 

1.53 

1.^ 

2.98 

2.04 

6.62 

3.75 

5.31 

6.21 

3,04 

1.56 

1.86 

3.8 

1.97 

6.1 

3.22 

4.44 

6.1 

2.96 

1.54 

1.62 

2.52 

1.66 

6.81 

3.21 

4.02 

5.81 

2.83 

1.48 

1.43 

2.38 

1.6 

5.28 

3.42 

3.89 

5.48 

2.43 

1.43 

1.41 

2.23 

1.64 

4.72 

3.74 

3.54 

5.45 

2.35 

1.41 

1.45 

2.2 

1.63 

4.46 

3.72 

6.6 

5.38 

2.61 

1.4 

1.34 

2.18 

1.61 

4.49 

3.45 

6.21 

4.8 

2.48 

1.96 

1.32 

2.18 

1.58 

4.5 

3.31 

4.72 

4.13 

2.5 

4.43 

1.31 

2.19 

1.52 

4.47 

3.21 

6.37 

4.23 

2.48 

4.74 

1.^ 

2.12 

1.46 

4.71 

3.47 

4.42 

4.32 

2.29 

3.16 

2.21 
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Daily  gage  height ,  in  feet ,  of  SmUh  Fork  of  SkyJeomi^  River  near  Index,  Wash.,  for  1906. — 

Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

19 

2.22 

2.2 

2.08 

2.18 

2.31 

3.02 

3.2 

2.92 

&18 

&05 

4.10 

3.78 

3.31 

2.12 
2.4 
3.1 
4.48 

a.0 

5.4 

7.76 

5.12 

5.21 

6.58 

4.51 

4.34 

4.61 

4.48 

4.48 

4.92 

4.94 

4.73 

4.2 

4.15 

a  81 

3.48 

3.24 

4.0 

4.fi2 

4.63 

5.12 

5.52 

6.13 

6.58 

6.22 

6.2 

4.5 

3.98 

3.62 

4.25 
4.14 
4.09 
4.25 
4.32 
4.81 
4.56 
4.78 
5.38 
5.69 
5.89 
6.41 
7.12 

4.29 
4.41 
4.35 
4.12 
3.91 
3.81 
3.49 
4.06 
4.82 
4.51 
4.34 
3.81 

2.22 

2.26 

2.34 

2.31 

2.19 

2.12 

2.0 

1.94 

1.88 

2.03 

1.98 

1.95 

1.91 

2.32 

2.17 

1.9 

1.68 

1.53 

1.45 

1.21 

1.18 

1.23 

1.19 

1.25 

1.28 

2.0 

2.0 

30 

3.81 

21 

2.74 

22 

2.46 

23 

2.7 

24 

2.85 

25 

2.9 

26 

6.55 

27 

4.8 

28 

3.82 

29 

3.76 

30 

3.85 

31 

SNOQUALMIE  RIVER  NEAR  SNOQUAL.MIE  FALLS,  >VASH. 

This  station  was  originally  established  by  T.  A.  Noble  September  14,  1902,  and  was  dis- 
continued September  30,  1905.  The  gage  was  originally  located  below  the  falls,  but  was 
destroyed  by  the  flood  of  December  1,  1902.  November  2,  1902,  another  gage  was  placed 
about  3  miles  above  Snoqualmie  Falls  post-office. 

The  right  bank  is  high  and  never  overflows;  the  left  bank  overflows  at  extreme  high 
water.  The  bed  of  the  stream  is  of  gravel  and  sand  and  is  not  liable  to  shift.  The  station 
is  located  below  the  junction  of  the  north,  south,  and  middle  forks  of  Snoqualmie  River. 
At  Snoqualmie  Falls,  about  4  miles  below  this  station,  the  river  flows  over  a  precipice  268 
feet  high.  Above  the  falls  the  Snoqualmie  Falls  Power  Company  has  built  a  dam  and  water- 
power  plant.  The  slack  water  from  this  dam  reaches  back  from  the  falls  about  3  miles, 
and  probably  affects  the  flow  of  the  river  slightly  at  the  gaging  station.  This  is  the  only 
possible  location  for  a  gaging  station  which  will  include  all  three  forks  of  the  river. 

Discharge  measurements  are  made  by  means  of  a  cable  and  car.  The  initial  point  for 
soundings  is  a  spike  driven  into  a  large  maple  stump  on  the  right  bank,  about  4  feet  above 
the  ground. 

The  present  gage,  established  January  7,  1903,  is  in  two  sections.  During  1905  the  gage 
was  read  once  each  day  by  E.  C.  Reinig.  The  bench  mark  is  the  initial  point  for  soundings; 
elevation,  27.83  feet  above  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply  Papers 
of  the  United  States  Geological  Survey: 

Deacription:  85,  pp  220-221;  100.  pp  468-469;  135,  p  281. 

Discbarge:  85,  p  221;  100,  p  469. 

Discharge,  monthly:  100,  p  471;  135,  p  284. 

Gago  heights:  85,  pp  221-222;  100,  pp  469-470;  135,  p  282. 

Rating  table:  100,  p  470;  135,  p  283. 

IRK  178—06 16 
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DaUy  gage  height,  in  feet,  ofSnoqutdmie  River  near  Snoqualmie  FaUSf  WaA.ffor  1905. 


Feb. 

Mat. 

Apr. 

May. 

June. 

July. 

A*| 

avt 

2.96 

6.23 

3.0 

3.01 

a  13 

2.71 

1.24 

L(S 

2.75 

7.85 

2.97 

3.67 

&i 

2.64 

1.19 

M 

2.63 

6.54 

2.84 

2.50 

7.37 

2.51 

L13 

.» 

2.44 

5.6 

2.06 

2.53 

6.7 

2.44 

1.09 

.» 

2.31 

5.13 

3.28 

2.61 

a  17 

2.37 

1.05 

.Ti 

2.2 

4.46 

3w31 

2.97 

5.45 

2.29 

1.0 

.75 

2,23 

4.31 

3.59 

4.02 

5.2 

2.2 

.99 

.71 

2.26 

3.98 

3.23 

4.38 

4.99 

2.19 

1.0 

.« 

2.19 

4.21 

3.02 

&06 

4.92 

^21 

.96 

1.<B 

2.11 

4.5 

2.85 

&0 

4.87 

2.12 

.96 

M 

2.05 

4.21 

2.81 

5.23 

4.61 

1.97 

.94 

.9 

1.87 

3.94 

2.79 

6.62 

3.92 

1.82 

.9 

.85 

1.63 

a67 

3.24 

7.21 

3.75 

1.74 

.85 

LI 

1.6 

3.56 

3.12 

7.42 

3.41 

1.96 

.8 

L2S 

1.58 

3.4 

2.97 

&29 

3.32 

2.21 

.82 

LU 

1.55 

3.49 

2.84 

4.41 

^16 

2.52 

L45 

L3 

1.54 

3.58 

3.19 

4.22 

3.00 

i58 

4.41 

L45 

1.84 

a4 

3.47 

4.12 

a  01 

2.34 

2.62 

lOS 

2.63 

3.91 

3.64 

4.02 

2.93 

2.29 

2.31 

IM 

a22 

4.1 

a89 

3.96 

2.94 

2.17 

L87 

2.61 

4.3 

4.35 

4.23 

3.81 

2.92 

2.03 

1.82 

2.12 

4.43 

4.56 

4.45 

4.61 

2.91 

1.92 

1.72 

U 

4.61 

4.61 

4.97 

&3 

2.89 

1.8 

1.56 

1.71 

6.2 

4.79 

5.21 

8.06 

2.9 

1.73 

1.42 

IS2 

5.69 

4.69 

5.26 

7.01 

2.91 

1.58 

1.36 

2.0 

5.20 

4.5 

4.92 

5.68 

2.90 

1.45 

1.21 

5.C3 

4.27 

4.34 

4.92 

5.63 

3.32 

1.43 

1.16 

4.2? 

4..% 

3.92 

3.63 

5.6 

3.21 

1.41 

1.02 

135 

3.61 

3.42 

6.57 

2.96 

1.38 

1.07 

3.27 



3.29 

ao 

5.53 

2.81 

1.32 

1.09 

116 

3,13 

5.5 

1.27 

1.05 
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AdraowledgmMits 12 

Acre-loot,  deflnltion  of 4 

Albany,  Or^., 

Willamette  River  at: 

description 223 

discbarge 223 

gageheights 223 

Alfalfa,  Oreg., 

Satas  River  near: 

discharge 229 

Allen  ditch  at— 
Echo,  Oreg.: 

description 194 

discharge 194-195 

discharge  of  wasteway  of 195 

American  Falls,  Idaho, 
foake  River  above: 

discharge 96 

Arcadia,  Oreg., 

Emerson  wasteway  near: 

discharge 120 

Lockett's  Gulch  wasteway  near: 

discharge 120 

Arlington,  Oreg., 
Rock  Creek  near: 

description 206 

discharge 206 

discharge,  monthly 207 

gagebelghU 206-207 

rating  table 207 

Willow  Creek  near: 

description 202 

discharge 202 

discharge,  monthly 205 

gage  heights 202 

rating  table 203 

Asotin  Creek  near— 
Asotin,  Wash.: 

description 167,168 

gage  heights 168,169 

Baker  City,  Oreg., 
Powder  River  near: 

description 1 48 

discharge 149 

discharge,  monthly 150 

gage  heights 149 

rating  table 150 

Barton,  Oreg., 

Clackamas  River  near: 

description 228 

discharge 228 

gageheii^ts 228 


Bear  Creek  near—  Pitge. 
Wallowa,  Oreg.: 

discharge 228 

Becker  Creek  Logan  ditch  above  Vale,  Oreg. : 

discharge : 147 

Beitle  ditch  near— 
Hermiston,  Oreg.: 

description 199 

discharge 199 

Bend,  Oreg., 

Central  Oregon  canal  near: 

description 216 

discharge 216 

discharge,  monthly 217 

gage  heights 216 

rating  table 217 

Columbia  Southern  canal  near: 

discharge 219 

Deschutes  River  near: 

description 208 

discharge 2r)8 

discharge,  monthly 209 

gage  helots 208-209 

rating  table 209 

Pilot  Butte  canal  near: 

description 217 

discharge 217 

discharge,  monthly 219 

gage  heights 218 

rating  table 218 

Tumallo  Creek  near: 

discharge 230 

Benton  Water  Company's  canal  near— 
Klona,  Wash.: 

discharge 62 

gage  heights 62 

headworks  location 63,62 

Big  Bend  ditch  at- 
Josepb,  Oreg.: 

description 165 

discharge 166 

gage  heights 166 

Big  Blackfoot  River  near— 
Bonner,  Mont.: 

description 19 

discharge 19 

discharge,  monthly 21 

gage  heights 20 

mtlng  table 20 

Big  Lost  River  near- 
Chilly.  Idaho: 

description 110 

discharge 110 

discharge,  monthly 112 

Digitized  by  VjOOQIC 


236 


INDEX. 


Big  Lost  River  near—  Page. 

Chilly,  Idaho— Continued. 

gage  heights Ill 

rating  table lU 

Mackay.  Idaho: 

description 108 

discharge 108 

discharge,  monthly 110 

gage  heights 109 

rating  table 109 

Big  Wood  River  near— 

Ctlinlet,  Idaho: 

description . : 112 

dlschaigc 112 

gage  heights 113 

Shoshone,  Idaho: 

description 113 

gage  heights 113 

Birch  Creek  near— 

Pendleton,  Orc^.: 

discharge 228 

Bltterroot  River  near— 

Grantsdale,  Mont.: 

description 21 

discharge 22 

discharge,  monthly 23 

gage  heights 22 

rating  table 23 

Blackfoot  River  near-- 

Presto,  Idaho: 

description 106 

discharge 106 

discharge,  monthly 107-108 

gage  heights .'. 106-107 

rating  table 107 

Boise  River,  Idaho: 

description 91 

near  Highland,  Idaho: 

description 121 

discharge 122 

discharge,  daily 123 

discharge,  monthly 123 

gage  heights 122 

Bonner,  Mont., 

Big  Blackfoot  River  near: 

description 19 

discharge 19 

discharge,  monthly 21 

gage  heights 20 

rating  table 20 

Bowman  ditch  at— 

Umatilla,  Oreg.: 

description 201 

di.«*charge 201 

Broadgauge  canal  near  -  ' 

North  Yakima,  Wash.:  | 

description 73  i 

discharge 73  | 

gage  heights 73  , 

head  works  location 54   | 

Brosnan  ditch  near  -  j 

Ontario,  Oreg.: 

discharge J37 

Brownwell  ditch  at— 

Umatilla,  Oreg.: 

description 201 

discharge 201 


Bully  Creek  at  and  above--  Par- 

Vale,  Oreg.: 

description 137- 13&  1« 

discharge l3S,iiu 

discharge,  monthly la 

gageheighte 13(H3B,Hl 

rating  table U9 

Burnt  River  near— 
Huntingion,  Oreg.: 

di.^charge 22R,  229 

Canyon  City,  Oreg.. 
Canyon  Creek,  near: 

d  ischarge 23 

Canyon  Creek  near- 
Canyon  City,  Oreg.: 

discharge T^ 

Carey,  Idaho, 

Little  Wood  River  near: 

description '....  113-IH 

discharge lU 

gage  heights lU 

Cannlchael  ditch  at— 
Prinevllle,  Oreg. : 

discharge :'19 

Cascade  canal  near- 
Thorp,  Wash.: 

discharge S* 

gage  heights i* 

head  works  location Si,'M 

Cashmere,  Wash., 

Wcnache  River  at: 

description « 

discharge <1 

discharge,  monthly C 

gage  heights *i 

rating  table ^ 

Cedar  River  near— 
Ravensdale,  Wash.: 

description a>-3] 

gage  heights 231 

Central  Oregon  canal  near- 
Bend,  Oreg.: 

description 2» 

discharge 216 

discharge,  monthly 21: 

gage  heights 21* 

rating  table 3* 

Chelan  Lake  at— 
Chelan,  Wash.: 

gage  heights ^ 

Chelan  River  below— 
Lake  Chelan,  Wash.: 

description * 

discharge * 

discharge,  monthly ♦' 

gage  heights '^ 

rating  table * 

Chelan  River  basin: 

description ^ 

ChUly,  Idaho, 

Big  Lost  River  near: 

description ^^ 

discharge "^ 

discharge,  monthly ''* 

gage  heights W' 

ratlngUble  ^ 
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OAckamas  River  near—  Page. 

Barton,  Oreg.: 

descriptioD 228 

discharge 228 

gage  heights 228 

Clark  canal  near- 
North  Yakima,  Wash.: 

description 68 

discharge 68 

gageheights 68 

bead  works  location 54, 68 

Clark  Fork  at— 

Priest  River,  Idaho: 

description 15 

discharge 15 

discharge,  monthly 16 

gage  heights 15 

rating  table 16 

Clark  Fork  drainage  basin: 

description 14 

Cleahim  River  near— 
Roslyn,  Wash.: 

description 8f>-81 

discharge 81 

discharge,  monthly 82 

gage  heights 81 

rating  table 82 

Coeur  d'Alene  Lake  at 
Couer  d'Alene,  Idaho: 

description 24 

gage  heights 25 

Cold  Springs  near— 
Hermiston,  Oreg.: 

discbarge 201 

Cole's  ditch  near- 
Dell,  Oreg.: 

discharge 146 

Columbia  River  near- 
Julia,  Wash.: 

dewription 12 

gage  heights 13 

Pasco,  Wash.: 

description 13-14 

gage  heights 14 

Columbia  River  basm: 

description 12 

Columbia  Southern  cans  I  near- 
Bend,  Oreg.: 

discharge 219 

Company  ditch  above- 
Vale,  Oreg.: 

discharge 146 

Ci  mpany  ditch  near— 
Wallowa,  Oreg.: 

description •. 166 

dischai^e 166 

discharge,  monthly 167 

gage  heights 166-167 

Computation,  rules  for 4-5 

Cow  Creek  near- 
Keystone,  Wash.: 

description 175 

discharge 175 

gageheights 17.S-I76 


Cow  Hollow  wasteway  near—  Page. 

Owyhee,  Oreg.: 

discharge 120 

Cox  canal  near- 
North  Yakima,  Wash.: 

discharge 77 

head  works  location 64 

Crescent  Creek  at— 

Crescent  Lake  outlet: 

discharge 229 

Crooked  River  near  - 

Forest,  Oreg.: 

discharge 299 

Prlnevllle,  Oreg.: 

discharge 229 

Sec.5,  T.  17  8.,  R.  17  K.: 

discharge 229 

Current  meters,  classes  of 8 

methods  of  using 9  10 

Dell,  Oreg., 

Cole's  ditch  near: 

discharge 146 

Willow  (reek  neai: 

description 143-144 

discharge 144 

discharge,  monthly 146 

gage  heights 144-145 

rating  table 145 

Deschutes  Irrigation  and  Power  Company's 
flume  near- 
Bend,  Oreg.: 

discharge 229 

Deschutes  River  basin: 

description 207 

Deschutes  River  near 

Bend,  Oreg.: 

description 208 

discharge 208 

discharge,  monl.ily 209 

gage  heights 2'W  209 

rating  table 209 

Black  Rock  Ford: 

discharge 229 

Lava,  Oreg.: 

description 212 

discharge 212 

disfharge.  mont   \y 213 

gage  heights 212-213 

rating  table 213 

Royce's  ranch: 

discharge 229 

West's  (B.)  farm: 

discharge 229 

T.  19^R.  11  K.: 

S     * discharge 229 

Deschutes  River,  Kast  r<»tk  no.ir 

Odell,  Oreg.: 

description 210 

discharge 210, 229 

discharge,  monthly 211 

gage  heights .^ 210  211 

rating  table 21 1 

Deschutes  River.  West  Fork,  nrur 

Lava,  Orep.: 

description 214 
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Deachates  River,  West  Fork,  near—  Page. 

Lava,  Oreg.— Continued. 

discharge 214 

discharge,  monthly 215 

gage  heights 214-215 

rating  table 215 

Deschutes  River  Valley, 

Canals  in: 

station  data 216-219 

Dickey  Prairie,  Oreg., 

Molalla  River  at: 

description 227 

discharge 227 

gage  heights 227 

Discharge,  methods  of  measuring  and  com- 
puting     6-11 

Drainage  basins,  list  of 2-3 

Earton,  Wash., 

Kachess  Lake  near: 

gage  heights 78 

Kachess  River  near: 

description 78-79 

discharge 79 

discharge,  monthly 80 

gage  heights 79 

rating  table 80 

Echo,  Or^., 

Allen  ditch  at: 

description 194 

discharge 194-195 

discharge  of  wasteway  of 195 

Qilletto  Springs  outlet  near: 

discharge 201 

HenrietU  mill  ditch  at: 

description 192 

discharge 193 

discharge  of  wasteway  of 193 

Hinkle  ditch  at: 

description 195 

discharge 196 

Lisle  (Charles)  ditch  at: 

discharge 192 

Lisle  &  Crane  ditch  near: 

description 191 

discharge 191 

Maxwell  ditch  at: 

description 197 

discharge 197 

discharge  of  wasteway  of 197 

Pioneer  ditch  at: 

description 196 

discharge 196 

Unatilla  River  near: 

discharge 230 

Wilson  &  Co.'s  ditch  at: 

description 194 

discharge 194 

Elberton,  Wash., 

Palouse  River  at: 

description 169-170 

discharge 170 

gage  heights 170 

Elgin,  Oreg., 

Grande  Ronde  River  nejir: 

description las 

discharge 153 

discharge,  monthly 155 


Elgin,  Oreg.— Continued.  Pifr. 

Grand  Ronde  River  near— 

gage  ^eights vu 

rating  table lH 

Mlnam  River  near: 

discharge. ..» 33 

Wallowa  River  near: 

description IM-W 

discharge m 

discharge,  monthly 163 

gagehelghts US 

rating  table U3 

Ellensburg,  Wash., 
Fogarty  canal  near: 

discharge 77 

head  works  location B 

Olsen  canal  near: 

discharge 51 

gagehelghts a 

head  works  location 52,3 

Town  oanal  near: 

disdiarge S» 

gagehelghts a 

head  works  location 23,^5 

Emerson  wasteway  near— 
Aioadia,  Oreg.: 

disehaige BO 

Bquivmlenta,  table  of '...     W 

Fall  River  at— 

Fremont,  Idaho: 

description 97 

discharge 9* 

discharge,  monthly »-• 

gagehelghts V-m 

rating  table « 

Farmers  and  CltiKens  ditch  near— 
Joseph,  Oreg.: 

description IM 

discharge IM 

gagehelghts W 

Farmers'  mill  ditch  at— 
Pendleton,  Oreg.: 

description !■ 

discharge !■ 

gagehelghts 1» 

Faulkner    (Patrick    and    Larry)    ditches 
above — 
Vale,  Oreg.: 

discharge !<* 

Flndley's  ditch  near— 
Rosiand,  Oreg.: 

discharge A* 

Fletcher  wasteway  near— 
Owyhee,  Oreg.: 

discharge I* 

Floats,  use  of.  In  measuring  disQharpre ^ 

Fogarty  canal  near— 
Ellensburg,  Wash.: 

discharge "^ 

head  works  location ^ 

Forest,  Or^., 

Crooked  River  near- 
discharge 29 

Fortune  canal  near- 
North  Yakima,  Wash.: 

description ^ 

discharge ^ 
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Fofltaoe  canal  near—  Page. 

North  Yakima,  Wash.^Continued. 

gagebeights «7 

bead  worka  location 54,67 

Fosters,  Oreg., 

CmatUla  River  nean 

dieeharge 230 

Fowler  canal  near- 
North  Yakima,  Wash.: 

discharge 60 

gagehelghts 60 

head  worka  location 53,59 

Fremont,  Idaho,  . 

Fall  River  at:  ^ 

description 97 

discharge 97 

discharge,  monthly 98-99 

gagehelghts 97-98 

rating  table 98 

Gaging  stations,  equipment  of 7 

GeUerman  &  Frohman  ditch  above  Vale, 
Oreg.: 

deacri  ption 135 

discharge 136 

Gibbon,  Oreg., 

Umatilla  River  near: 

description 181-182 

discharge 182 

discharge,  monthly 183 

gagehelghts 182-183 

rating  table 183 

Gillette  Springs  outlet  near- 
Echo,  Oreg.: 

dischitrge 201 

Gimlet.  Idahq, 

Big  Wood  River  near: 

description 112 

discharge 112 

gage  heights 113 

Gleed  canal  near- 
North  Yakima,  Wash.: 

description 69 

discharge 69 

gagehelghts 70 

head  works  location 54,09 

Goshen,  Oreg., 

Coast  Fork  of  Willamette  River  near: 

description 221 

discharge 221 

gage  heists 222 

Grande  Ronde  River  near- 
Elgin,  Oreg.: 

description 153 

discharge 153 

discharge,  monthly 155 

gagehelghts 154 

rathig  table 154 

Hilgard,  Oreg.: 

description 150-151 

discharge 151 

discharge,  monthly 152 

g^ge  heighta 151-152 

rating  table 1 52 

Zhidel,  Wash.: 

description 155 

gagehelghts 155-156 


G  ranger  canal  near—  Page . 

North  Yakima,  Wash.: 

discharge 77 

head  works  location 53 

Granger  ditch  at— 
Joseph,  Oreg.: 

description 165 

discharge 165 

gage  heights 165 

Grantsdale,  Mont., 

Bltterroot  River  near: 

description 21 

discharge ^ 22 

discharge,  monthly 23 

*         gagehelghts 22 

rating  table 23 

Gray  ditch  above- 
Vale,  Oreg.: 

discharge 147 

Orosscup's  canal  near— 
Klona,  Wash.: 

description 65 

discharge 66 

gagehelghts 66 

head  works  location S3, 66 

Hailey,  Oreg.: 

Quigley  Creek  near: 

discharge 229 

Halliday's  bridge  near  Ontario,  Oreg., 
Malheur  River  at: 

description 131 

discharge 132 

discharge,  monthly 133 

gagehelghts 132 

rating  table 133 

Hangman  Creek  at  and  near— 
Tekoa,  Wash.: 

description 27-28,29 

discharge,  daily 29 

gagehelghts 28 

Hangman  Creek,  North  Fork,  at— 
Tekoa,  Wash.: 

description 29-30 

discharge 30 

gagehelghts 30 

Harris  ditch  above^— 
Vale,  Oreg.: 

discharge 147 

Hendricks  Ferry,  Oreg., 
McKensie  River  at: 

description 222 

disctiarge 222 

gagehelghts 223 

Henrietta  mill  ditch  at- 
Echo,  Oreg.: 

description 192 

discharge 193 

discharge  of  wasteway  from 193 

Hermiston,  Oreg., 
Bel  tie  ditch  near: 

description 199 

discharge 199 

Cold  Springs  near: 

discha  rge 201 

Hermiston  ditch  npar: 

description 198 

discharge 198 
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Ilermiston  ditch  near—  Page. 

Ilermiston,  Oreg.r 

description 198 

discharge 198 

Highland,  Idaho, 
Boise  River  near: 

description 121 

discharge 122 

discharge,  daily 123 

discharge,  monthly 123 

gage  heights 122 

Hilgard,  Oreg., 

Grande  l^ondc  River  at: 

description I^i0-451 

discharge 151 

discharge,  monthly 152 

gage  heights 151-152 

rating  table 152 

Hinkle  ditch  at— 
Echo,  Oreg.: 

description 195 

discharge 196 

Homedale,  Idaho, 
Succor  Creek  near: 

description 114-115 

discharge 115 

discharge,  monthly 116 

gage  heights 115 

Hood  River  at-  - 

WinansCity,  Oreg.: 

description 219-220 

discharge 220 

gage  heights 220 

Hooper,  Wash., 

Palouse  River  at: 

description 171 

discharge 171 

discharge,  monthly 173 

gage  heights 172 

rating  table 172 

Hope  Mill  ditch  at- 
Vale,  Oreg.: 

description 136 

discharge 136 

Horseshoe  Irrigation  Company's  ditch  at  — 
Yoakum,  Oreg.: 

description 191 

Hubbard  canal  near- 
North  Yakima,  Wash.: 

dlj«harge 59 

gage  heights 59 

head  works  location 53,  .W 

Huntington,  Oreg., 
Burnt  River  near: 

discharge 228. 229 

Hydrographers,  list  of 12 

Ilydrographic  stu^eys,    annual    appropria- 
tions for 4 

orgaiii74ition  and  scope  of 1  -I 

Ire-covered  streams,  method  of  measuring 

flow  of 10 

Index,  Wa.sh., 

South  Fork  of  Skykomish  River  near: 

description 2  ;2 

gage  heights 232  JW 


Jasper,  Orc^.,  Pir. 

Middle  Fork  of  Willamette  Rim  at: 

description a 

discharge a 

gageheights a 

Jcflerson,  Oreg., 

Santiam  River  at: 

description a 

diacharge m 

gageheights -rn 

"J.  H."  ditch- 
Above  Vale,  Oreg.: 

description u; 

discharge^ u; 

John  Day  River  near- 
John  Day  City: 

discharge 23 

McDonald,  Oreg. : 

description 3ttvm 

discharge M 

discharge,  monthly at 

gageheights "SH-ii 

ratingtable i 

John  Day  River  basin; 

description 3W 

Joseph,  Oreg., 

Big  Bend  ditch  at: 

description m 

discharge lii 

gageheights l« 

Farmers  and  Citizens'  ditch  near: 

description iw 

discharge w 

gageheights W 

Granger  ditch  at: 

description ^' 

discharge li* 

gageheights It^ 

Silver  Lake  ditch  near: 

description ifl 

discharge 10 

gageheights W 

Wallowa  River  near: 

description l*-i" 

discharge i^'^ 

discharge,  monthly I* 

gage  heights 15ri> 

rating  table 1* 

Wallowa  Lake  near: 

description '"* 

discharge J* 

Julia,  Wash., 

Columbia  River  near: 

^  description ^ 

gage  heists ^ 

Kachess  Lake  near— 

Kaston,  Wash.: 

gageheights ^ 

Kachess  River  near— 

Easton,  Wash.: 

description "^^ 

discharge *^ 

discharge,  monthly * 

gageheights •* 

ratingtable .••       * 
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Kdlj  canal  near —  Page. 

North  Yakima,  Waah.: 

discharge 77 

head  works  location 54 

Kennewick  canal  near— 

Kennewick,  Wash.: 

description 64 

discharge 64 

gage  heights 64 

head  works  location 53,64 

Keystone,  Waah., 

Cow  Creek  near: 

description 175 

discharge 175 

gage  heights 175-176 

Kiona,  Wash., 

Benton  Water  Company's  canal  near: 

discharge 62 

gage  heights 62 

head  works  location 53,62 

Grosscup  canal  near: 

description 65 

discharge 65 

gage  heights 65 

head  works  location 53, 65 

Kiona  canal  near: 

description 63 

discharge 63 

gage  heights 63 

head  works  location 53,63 

Kiona  Water  Company's  canal  near: 

description 63 

discharge 63 

gage  heights 64 

head  works  location 53,64 

Yakima  River  near-. 

description «>-50 

discharge 50 

discharge,  monthly 52 

gage  heights 51 

rating  table 51 

Kiona  canal  near— 

Kiona,  Wash.: 

description 63 

discharge 63 

gage  heights 63 

head  works  location 5.1,63 

Kiona  Water  Supply  Company's  canal  near  - 

Kiona,  Wash.: 

description 63 

disch&rge 63 

gage  heights 64 

head  works  location 53,63 

Laswdl  canal  near- 
North  Yakima,  Wash.: 

discharge 77 

head  works  location 54 

Lava,  Oreg., 

Deschutes  River  near: 

description 212 

discharge 212 

discharge,  monthly 213 

gage  heighto 212 

rating  table 213 

West  Fork  of  Deschutes  River  near: 

description 214 


Lava,  Oreg.— Continued.  Page. 

West  Fork  of  Deschutes  River  near: 

discharge 214 

discharge,  monthly 215 

gage  heights... 214-215 

rating  table 216 

Lmebaiger  ditch  above- 
Vale,  Oreg.: 

description 135 

discharge 135 

Lisle  (Charles)  ditch  at- 
Echo,  Oreg.: 

discharge Ifl2 

Lisle  and  Crane  ditch  near  - 
Echo,  Oreg.: 

description 191 

discharge 191 

Little  Wood  River  near-  ' 

Carey,  Idaho: 

description 113^114 

discharge 114 

gage  heights 114 

Little  Spokane  River  near  - 
Spokane,  Wash.: 

description 31 

gage  heights 31 

Locketts  Oulch  wasteway  near- 
Arcadia,  Oreg.: 

discharge 120 

Ix)gan  ditch  above- 
Vale,  Oreg.: 

discharge 147 

Loomis,  Wash.: 

Sinlahekin  Creek  near: 

description 3 1-32 

gageheights 32 

Lower  Scott  canal  near- 
North  Yakima,  Wash.: 

description 67 

discharge 67 

gageheights 68 

head  works  location 54,67 

Lowery  canal  near— 

North  Yakima,  Wash.: 

description 68 

discharge 60 

gage  heights 69 

head  works  location 54,68 

Luckiamute  River  near- 
Suver,  Oreg.: 

descJription 226 

dischsrge 226 

gage  heights 227 

Lyon,  Idaho, 

South  Fork  of  Snake  River  near: 

description 103-104 

discharge 104 

discharge,  monthly 105 

gage  heights 104-105 

rating  table 105 

McCormick  canal  near- 
North  Yakima,  Wash.: 

description 72 

discharge 72 

gage  heights 72 

head  works  location 54, 72 
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McDonald,  Oreg.,  Page. 

John  Day  River  at: 

description 203-204 

discharge 204 

discharge,  monthly 206 

gage  heights 204-205 

rating  table 205 

Mackay,  Idaho, 

Big  Lost  River  near: 

description 108 

discharge 108 

discharge,  monthly 110 

gage  heights 109 

rating  table 109 

McKay  Creek  near— 
Pendleton,  Oreg.: 

discharge 229 

McKenzie  RiveAt— 

Hendricks  Ferry,  Oreg.: 

description 222 

discharge 222 

gage  heights 223 

McLaughlin  ditch  above- 
Vale,  Oreg.: 

description 134 

discharge 134 

McLaughlin's  bridge  near  Vale  Oreg., 
Malheur  River  at: 

description 129 

discharge 129 

discharge,  monthly 131 

gage  heights 130 

rating  table 130 

Malheur,  Oreg., 

Willow  Creek  near: 

description 141 

discharge 142 

discharge,  monthly 143 

gage  heigh ts 1 42 

rating  table 143 

Malheur  Farmers'  canal  above  Vale,  Or^. : 

description 134 

discharge 134 

Malheur  River,  Or^.: 

description 91 

near  Ontario: 

description 131 

discharge 132 

discharge,  monthly 133 

gage  heights 132 

rating  table 133 

near  Vale: 

description 126,129 

discharge 127, 129 

discharge,  dally 128 

discharge,  monthly 129, 131 

gage  heights 127-128, 130 

rating  table 130 

near  Wostfall: 

description 124 

discharge 124 

discharge,  monthly 126 

gage  heights 125 

rating  table 12.'i 

Malheur  Kivcr  Valley,  Oreg., 
ditches  in: 

station  data 13.V137 


Malott,  Wash., 

Salmon  Creek  nean 

description 33-a 

discharge 33 

discharge,  monthly 34 

gage  heights 33 

ratingteble 34 

Martin,  Wash., 

Yakima  River  near: 

description 43-44 

discluu^ 44 

discharge,  monthly 4S 

gage  heights 44 

rating  table « 

Maxwell  ditch  at— 

Echo,  Oreg.:  I 

description W7 

discharge WCT 

discharge  of  wasteway  of 197 

Mehama,  Oreg., 

North  Fork  of  Santiam  River  near:  i 

description 334-235      ! 

discharge 225 

gagehelghts 225 

Methods  of  oomputlilg  stream  flow M>-]1 

Methods  of  measuring  stream  flow 6-10 

Methow  River  near—  , 

Pateros,  Wash.: 

description 35 

discharge 35 

discharge,  monthly 37 

gage  heights 31 

rating  table 3B 

Methow  River  basin: 

description 34 

Milton,  Oreg., 

Walla  Walla  River  at  and  near: 

description 178,179-lSO 

discharge 178.  ISO 

discharge,  monthly 179,  ISl 

gage  heights 179, 1»-18] 

rating  table 179 

Walla  Walla  River,  South  Fork,  near: 

description 171 

discharge 1 77 

dischai^ge,  monthly 17R 

gage  heights 177 

rating  table 178 

Minam  River  near- 
Elgin,  Oreg.: 

discharge 229 

Miner's  inch,  definition  of 3 

Minidoka,  Idaho, 
Snake  River  near: 

description SMM 

discharge 04,96 

discharge,  monthly 95 

gage  heights 94-95 

rating  table 96 

Missoula  River  at— 
Missoula,  Mont.: 

description 

discharge 

discharge,  monthly 

gage  heights 

rating  table 
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IColaBa  Rirer  at—  Pa^B. 

Dickey  Prairie,  Oreg.: 

deacription 227 

diacfaarge 227 

gagebeigtits 227 

tfontgomeiy  Ferry,  Idaho, 
Snake  River  near: 

See  Snake  River  near  Minidoka. 
Horan,  Wyo., 

Sooth  Fork  of  Snake  River  near: 

deacription 101 

diadiarge 102 

diacharge,  monthly 103 

gage  heights 102 

rating  table 103 

If  orriaey  canal  near- 
North  Yakima,  Waah.: 

diacharge 77 

head  works  k)cation 54 

If  oxee  canal  near— 
.  North  Yaktma,  Wash.: 

ijanhagyi 68 

8i9B  heights 58 

head  works  k)cation 53.58 

Multiple-point  method  of  measuring  dia- 

chaige.  description  of 9 

Nacbes-Cowiche  canal  near- 
North  Yakima,  Wash.: 

description 73 

discharge 73 

gageheighU 73 

head  works  location 54,73 

Ntehes  River,  Wash.: 

canals  taking  watei*  from : 

list  of 54 

•Utiondatc «5-77 

description 43 

war  mouth  of  Tieton  River  (below) : 

description 84-85 

discharge 85 

discharge,  monthly 86 

gageheights 85 

rating  table »» 

Mar  Nile: 

description 82-83 

dlsdiarge ^       83 

disdiarge,  monthly 84 

gageheights 83-84 

rating  table 84 

Mar  North  Yakima: 

deacription H6  ^7 

discbarge 87 

discharge,  monthly 88 

gsgeheights 87-88 

rating  table 88 

Mellon  canal  near- 
North  Yakima,  Wash.: 

discharge 77 

bead  works  location 54 

N«T»dadItch- 

WowVale.Oieg.: 

descripUon I3fl 

discharge l-Wi- 137 

wtrteways  of: 

dischaiige 1{7 


Nile.  Wash.  Page. 

Naclies  River  near: 

description 82-83 

discharge 83 

discharge,  monthly 84 

gageheights 83-84 

rating  table 84 

NoUn,  Oreg., 
t    Shisher  A  Oould  ditch  near: 

description 191 

discharge 191 

North  Yakima,  Wash., 

Broadguage  canal  near: 

description 73 

discharge 73 

gage  heights 73 

head  works  location 54 

Clark  canal  near: 

deacription 68 

discharge 68 

gageheights :.       68 

head  works  location 54,68 

Cox  canal  near: 

discharge 77 

head  works  location 54 

Fortune  canal  near: 

description 67 

discharge 67 

gageheights 67 

head  works  location 54,67 

Fowler  canal  near: 

discharge 60 

gage  heights 60 

head  works  location ^,50 

Gleed  canal  near: 

description 69 

discharge 60 

gage  heights 70 

head  works  location M,69 

Granger,  canal  near: 

Uiarharge 77 

head  works  local  ion 53 

Hubbard  canal  near: 

discharge 59 

gage  heights 59 

head  works  location 53, 59 

Kelly  canal  near: 

discharge 77 

head  works  kx-ation 54 

I/aswell  canal  near: 

discharge 77 

head  works  location .M 

Ixjwcr  Scott  canal  near: 

description 67 

discharge ^7 

gage  heights 68 

head  works  UM'atioii 54,67 

Lowry  canal  near: 

detk-ri  plion 68 

discharge 69 

page  heights 69 

,     head  works  knalion 54, 68 

MtK'orniick  canal  near: 

description 72 
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North  Yakima,  Wash.— Continued.  Page. 

McCorraick  canal  near: 

discharge 72 

gage  heights 72 

head  works  location 54, 72 

Morrisey  canal  near: 

discharge 77 

head  works  location 54 

Moxee  canal  near: 

discharge 58 

gage  heights 58 

head  works  location 53, 58 

Naches-Cowlche  canal  near: 

description 73 

discharge 73 

gage  heights 73 

head  works  location 54, 73 

Naches  River  near: 

description 86^87 

discharge 87 

discharge,  monthly 88 

gagehelghts 87-88 

rating  table 88 

Nelson  canal  near: 

discharge 77 

head  works  location 54 

Power  canal  at: 

description 74 

discharge 74 

gage  heights 75 

head  works  location 54, 74 

Prosser  power  flume  near-  - 
Prosser,  Wash.: 

discharge 78 

R.  S.  &  C.  Co.'s  canal  near: 

discharge 77 

Seiah-Moxee  canal  near: 

discharge 57 

gage  heights 57 

head  works  location 53, 57 

Selah  Valley  cjinal  near: 

description 65 

discharge 65 

gage  heights 65 

head  works  location 54, 65 

Shanno  canal  at: 

description 75 

discharge 75 

gage  heights 75-76 

head  works  location 54, 74 

Shanno-Frultvale  canal  near: 

discharge 78 

head  works  ItH'ation 54 

Taylor  canal  noAr: 

discharge 57 

gage  heights 58 

head  works  location 53, 57 

Tieton  River  near: 

description 89 

discharge 89 

discharge,  monthly 90 

gage  heights 89-90 

rating  Uble 90 

Town  canal  near: 

description 76 

discharge 77 


North  Yakima,  Wash.— ConUnoed.  Pai^ 

Town  canal  near: 

(;ageheights 77 

head  works  location 54.7^ 

Union  canal  near: 

descri  ption 7» 

discharge 7&.?» 

gagehelghts r« 

head  works  location ^ 

Upper  Scott  canal  near: 

discharge 77 

head  works  location :-* 

Wapatox  canal  near: 

description « 

discharge « 

gagehelghts • 

head  works  location S4  M 

White  &  Leach  canal  near: 

description "i 

discharge "' 

gage  hei gh  ts ^ 

head  works  location ^  n 

Yakima  River  near: 

description *' 

gagehelghts <* 

Yakima  Valley  canal  near. 

description ^ 

dlschai^ ^' 

gagehelghts ^ 

bead  works  location ^-^ 

Norwood  ditch — 

above  Vale,  Oreg. : 

discharge MT 

Ochoco  River  near— 

Prineville.  Oreg.: 

discharge 23 

Odell,  Oreg., 

East  Fork  of  Deschutes  River  at:       •"* 

description -'' 

discharge '^" 

discharge,  monthly -" 

gagehelghts 210^2!! 

rating  table -'■' 

Odell  Lake  outlet,  Oreg.: 

discharge ^ 

Okanogan  River  basin: 

description *' 

01  sen  canal  near— 

Ellensburg,  Wash. : 

discharge ' 

gagehelghts f 

head  works  location ^'^ 

Ontario,  Oreg., 

Brosnan  ditch  near: 

discharge ^ ' 

Malheur  River  near: 

description '^' 

discharge ' 

discharge,  monthly ' 

gagehelghts | 

rating  Uble '* 

wasteways  near: 

discharge ^^''^ 

Wilson  ditch  near: 

description 

discharge 
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Ora,  IdAho,  Page. 

North  fork  of  Snake  River  near: 

description 91-92 

discharge 92 

diechargpe,  monthly 93 

gaf^  heights 92 

rating  table 93 

Oregon  L4uid  and  Water  Company's  ditch 
at— 
Umatilla,  Oreg.: 

deacrip  tion 199 

discharge 199 

discharge,  monthly 201 

gagebeights 200 

rating  table 200 

Owyhee,  Oreg., 

Cow  Hollow  wasteway  near: 

discharge 120 

Fletcher  w^asteway  near: 

discharge 120 

Owyhee  ditch  near: 

description 118 

discharge 1 19 

discharge,  monthly 120 

gage  heights 119 

rating  Uble 120 

Owyhee  River  near: 

description 116 

discharge 117 

discharge,  montiily 118 

gage  heights 117 

rating  table 118 

Owyhee  ditch  near— 
Owyhee,  Oreg. : 

description 1 18 

discharge 119 

discharge,  monthly 120 

gage  heights 1 19 

rating  table 120 

Owyhee  di  tch  wasteway s : 

discharge i:»-121 

Owyhee  River,  Oreg. : 

description 91 

near  Owyhee: 

description 1 16 

discharge 117,229 

discharge,  monthly 118 

gage  heights 117 

raUng  table 118 

Owyhee  River  Valley, 
ditches  in: 

station  daU 118-121 

Vaiouse  River,  Wash.: 

description 91 

near  Elberton: 

description 169-170 

discharge 170 

gage  heights 1 70 

near  Hooper: 

description 171 

discharge 171 

discharge,  monthly 173 

gage  heights 172 

rating  table 172 


Pasco,  Wash.  Page. 

Colwnbia  River  near: 

,    description 13-14 

gage  heights U 

Pateros,  Wash., 

Hethow  River  near: 

description 35 

discharge 35 

discharge,  monthly 37 

gage  heights 36 

rating  table 36 

Pauline  Creek  near— 
Rosland,  Oreg. : 

discharge 229 

Pendleton,  Oreg. 
Birch  Creek  near : 

discharge 228 

Farmers*  mill  ditch  at: 

description 190 

discharge 190 

gage  heights 190 

McKay  Creek  near: 

discbarge 229 

Umatilla  River  near: 

description 184 

discharge 185 

gage  heights 185 

Wild  Horse  Creek  near: 

discharge 230 

Pend  Oreille  River.    (See  Clark  Fork.) 
Peterson  and  Teter  ditch  above- 
Vale,  Oreg. : 

discharge 147 

Pilot  Butte  Canal  near- 
Bend,  Oreg. : 

description 217 

discharge 217 

discharge,  monthl    219 

gage  heights 218 

rating  table 218 

Pioneer  ditch  at— 
Echo,  Oreg.: 

description 196 

discharge 196 

Powder  River  near- 
Baker  City,  Oreg.: 

description 148 

discharge 149 

discharge,  monthly 150 

gage  heights 1 49 

ratmg  table 150 

Power  Canal  at— 

North  Yakima,  Was)).: 

description 74 

discharge 74 

gage  heights 75 

head  works  location 54, 74 

Presto,  Idaho, 

Blackfoot  River  near: 

description 106 

discharge 106 

discharge,  monthly 107-108 

gage  heights 106-107 

rating  table 107 
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Priest  River,  Idaho.  Page. 

CUrk  Fork  of  the  Columbia  at: 

deacription 15 

discharge 15 

discharge,  monthly W 

gage  heights 15 

rating  table 1ft 

Priest  River  at  (below) : 
Priest  River  at— 

Priest  River,  Idaho: 

description 23-24 

discharge 24 

gage  heights 24 

PrinevUle,  Oreg., 

Carmichael  ditch  at: 

discharge 219 

Crooked  River  near: 

discharge 229 

Ochoco  River  near: 

discharge 229 

Prosser,  Wash., 

Prosser  power  flume  near: 

discharge 78 

Taylor  power  flume  near: 

description 78 

Yakima  River  near: 

description 48 

discharge 48 

gage  heights 49 

Prosser  power  flume  near— 
Prosser,  Wash.: 

discharge 78 

Quigley  Creek  near  - 
Ilailey,  Oreg.: 

discharge 229 

Rating  curves,  methods  of  construction  of. .  10-11 
Rating  tables,  methods  of  construction  of. .  10, 11 
Ravensdale,  Wash., 
Cedar  River  near: 

description 230-231 

gage  heights 231 

Rock  Cn«k  near- 
Arlington,  Orcg.: 

description 206 

discharge 206 

discharge,  monthly 207 

gage  heights 200-207 

rating  table 207 

Rock  Creek  near— 
St.  John,  Wash.: 

description 173 

discharge 173 

discbarge,  monthly 175 

gage  heights 174 

rating  table 174 

Rosland,  Oreg., 

Findley's  ditch  near: 

discharge 216 

Pauline  Creek  near: 

discharge 229 

Roslyn,  Wash., 

Clealum  River  near: 

description 80-81 

discharge 81 

discharge,  monthly 82 

gage  heights 81 

rating  table 82 


P»«^ 


R.  8.  &  C.  Co.'s 

North  Yakima,  Wash. 

discharge 77 

Rules  lor  computation,  fundamental  and 

special 

Run-off  in  inches,  definition  of 4 

St.  Anthony,  Idaho, 
Teton  River  near: 

description » 

discharge ^ Mfi 

discharge,  monthly VSl 

gagehel^ts m 

rating  table 101 

St.  John,  Wash., 
Rook  Creek  near: 

description 1 73 

discharge 173 

dlsdiarge,  monthly 175 

gage  heights 174 

rating  Uble 174 

Salmon  Creek  neai^ 
Malott,  Wash.: 

description 33-33 

discharge 33 

discharge,  monthly Z4 

gage  heists 33 

rating  table 34 

Salmon  River  post-office,  Oreg., 
Sandy  River  near: 

discharge 229 

Sand  HoUow  ditch  above- 
Vale,  Oreg.: 

description 136 

discharge 136 

Sandy  River  near- 
Salmon  River  post-office,  Oreg.: 

discharge 239 

Santiam  River  at— 
Jefferson,  Oreg.: 

description 224 

discharge 234 

gagehel^ts 224 

Santiam  River,  North  Fork,  near— 
Mehama,  Orcg.: 

description 224-225 

discharge 225 

gage  heights 225 

Santiam  River,  South  Fork,  at— 
Waterloo,  Oreg.: 

description 235 

discharge 236 

gage  heights 236 

Satas  River  near- 
Alfalfa,  Oreg.: 

discharge 229 

Scott  ditch  above  Vale,  Oreg.: 

discharge 148 

Second-feet  per  square  mile,  delnition  of . . .        4 

Second-foot,  de.lnition  of 8 

Selah-Moxee  canal  near- 
North  Yakima,  Wash.: 

discharge 57 

gage  heights 57 

head  works  location 58,67 
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elah  Valle7  canal  near—  Page. 

North  Yakima,  Wash.: 

description 65 

discharge 65 

gagebeights 66 

bead  works  location 54.65 

nianno  canal  at— 

North  Yakima,  Waah.: 

description 75 

discharge 75 

ga^  heights 75-76 

bead  works  location 54,75 

Sbanno-Fniitrale  canal  near- 
North  Yakima,  Wash.: 

discharge 78 

bead  works  location 54 

Shelnuui's  ranch,  near  Asotin  Wash., 
Asotin  Creek  at: 

description 168 

gage  heights 166 

Sheridan,  Oreg., 

Yamhill  River  near 

discharge 230 

Shoshone,  Idaho, 

Big  Wood  River  near: 

description 1 13 

gageheights 113 

Shoshone  Falls,  Idaho, 

Snake  River  between  Twin  Falls  and: 

discharge 96 

Silver  Creek  near- 
Thompsons  Valley,  Or^.: 

discharge 229 

Silver  Lake  ditch  near— 
Jos^b,  Oreg.: 

description 163 

disdiarge 163 

gageheighU 164 

Kngle-point  method  of  measuring  discharge, 

description  of 9 

Sinlahekin  Creek  near— 
Loomis,  Wash.: 

description 31-32 

gageheights 32 

Sisters,  Oreg., 

Sqoaw  Creek  near,  above  diversions: 

discharge 229 

Skykoraish  River,  South  Fork,  near- 
Index,  Wash.: 

description 232 

gageheights iijj  Zi^i 

Blusher  &  Gould  ditch  near— 
Nolin,  Oreg.: 

description 191 

discharge 101 

Slope  method  of  measuring  discImrKe,  use 

todvalueof 6 

Snake  River,  Idaho: 

near  American  Falls  (above): 

description 9i 

discharge 96 

near  liinidoka  (Montgomery  Ferry): 

description «i.{  94 

discharge 04,96 

discharge,  monthly 9:. 

gageheights 0}-<C) 

!  ratingUble 95 


Snake  River,  Idaho:  Page, 
near   Shoshone    Falls,   between    Twin 
Falls  and: 

discharge 96 

seepage  and  waste  measurements 96 

Snake  River  basin: 

description 91 

Snake  River,  North  Fork,  near— 
Ora,  Idaho: 

description • 91-92 

discharge 92 

dischaige,  monthly 93 

gage  heights 92 

rating  table 93 

Snake  River,  South  Fork,  near- 
Lyon,  Idaho: 

description I(n-104 

discharge 104 

discharge,  monthly lOS' 

gage  heights 104-105 

rating  table 106 

Moran,  Wyo.: 

description 101 

discharge 102 

discharge,  monthly 103 

gage  heights 102 

rating  table 103 

Snohomish  River  basin: 

description 232 

Snoqualmie  River  near— 
Snoqualmie  Falls,  Wash.: 

description 233 

gage  heights 234 

Spokane,  Wash., 

Little  Spokane  River  near: 

description 31 

gage  heights 31 

Spokan  River  at— 
Spokane,  Wash.: 

description 25-26 

discharge 26 

discharge,  monthly 27 

gage  heights 26 

rating  table 27 

Spokane  River  ba«in: 

description 24 

Squaw  Creek  near  - 

Sisters,  Oreg-,  above  dlver8l«>ns: 

discharge 229 

Stream  flow: 

field  methods  of  iiieuMuring 0-10 

office  methods  of  eomputing I  )-ll 

Suecor  Creek  near- 
Homcdalc,  Idaho: 

description 1 14- 1 15 

discharge 115 

discharge,  monthly 116 

gage  heights 1 15 

Sunny  side  canal  nenr  - 
Yakima,  Wash.: 

description 61 

discharge •. 61 

gage  heights 62 

head  works  location 53, 61 
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Suver,  Orcg.,  Page. 

Luckiamute  River  near: 

description 226 

diacbarge 226 

gage  heights 227 

Tables,  explanation  of 4 

Taylor  canal  near- 
North  Yalcima,  Wash.: 

discharge 57 

gage  heights 58 

head  works  focation 53, 57 

Taylor  power  flume  near— 
Prosser,  Wash.: 

discharge 78 

Tekoa,  Wash., 

Hangman  Creek  at  and  near: 

description 27-28,29 

discharge,  dally 29 

gage  heights 28 

North  Fork  of  Hangman  Creek  near: 

description 29-30 

discharge 30 

gage  heights 30 

Teton  River  near— 
St.  Anthony,  Idaho: 

description 99 

discharge 100 

discharge,  monthly 101 

gage  heights 100 

rating  table 101 

Thompsons  Valley,  Oreg., 
Sliver  Creek  near: 

discharge 229 

Thorp,  Wash., 

Cascade  canal  near: 

discharge 5.4 

gage  heights 55 

head  works  location 53,54 

West  Kittitas  canal  near: 

discharge 55 

gage  heigh  is 55 

head  works  location 53, 55 

Tleton  River  near- 
North  Yakima,  Waah.: 

description 89 

discharge 89 

discharge,  monthly 90 

gage  heights 89-90 

rating  table 90 

Town  canal  near— 
Ellensburg,  Wash.: 

discharge 56 

gage  heights 56 

head  works  location 53,55 

North  Yakima,  Wash.: 

description 76 

discharge 77 

gage  heights 77 

head  works  location 54, 76 

Tumallo  Creek  near- 
Bend,  Oreg.: 

discharge 230 

Turner  ditch- 

atmve  Vale,  Oreg.: 

discharge 148 


Twin  Falls,  Idaho—  Psw- 

Snake   River  between  Shoshone   Falls 
and: 

discharge ** 

Twin  Falls  canal,  Idaho: 

d  ischarge * 

water  diverted  by i^ 

Umatilla,  Oreg., 

Bowman  ditch  at: 

description Tl 

discharge »l 

Brownell  ditch  at: 

description 3fn 

discharge 3»! 

Oregon  Land  and  Water  Company's  dltrh  »l: 

description iw 

discharge i» 

discharge,  monthly 2bl 

gage  heights aB> 

rating  table 300 

Umatilla    River    near.    See     UmatiUa 
River. 
Umatilla  River  Basin: 

description 181 

Umatilla  River  near- 
Echo,  Oreg.: 

discharge 330 

Fosters,  Oreg.: 

discharge 2* 

Gibbon,  Oreg.: 

description m-lfC 

discharge 1« 

discharge,  monthly 1*3 

gage  heights 182-183 

rating  table 1« 

Pendleton,  Oreg.: 

description W 

discharge l^ 

gageheights 1^5 

Umatilla,  Oreg.: 

description I* 

discharge l« 

discharge,  monthly 190 

gage  heights IW 

rating  Ubie l« 

Yoakum,  Oreg.: 

description l?^l« 

discharge 1* 

discharge,  monthly ^ 

gage  heights 186-1S7 

rating  table IS7 

Umatilla  River  basin: 

description ISl 

ditches  in: 

station  data 190-210 

springs  in: 

discharge 301 

Union  canal  at— 

North  Yakima,  Wash.: 

descri  ption !B 

discharge 76, 78 

gage  heights 76 

head  works  location 54^ 

Upper  Scott  canal  near- 
North  Yakima,  Wash.: 

d  ischarge 77 

head  works  location 51 
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Vate,  Oreg.,  Page. 

Bully  Creek  at  and  above: 

description 137-138,140 

discharge 138,140 

discharge,  monthly 139 

gage  heights 138-139,141 

rating  table 139 

ditches  in  Malheur  River  Valley  above: 

descriptions  and  disc'.mrges 133-136 

ditches  in  Willow  Creek  Valley  above: 

discharge K6-148 

McGregor  wasteway  below: 

discharge 137 

Malheur  River  near: 

description 126, 129 

discharge 127, 129 

discharge,  daily 128 

discharge,  monthly 129, 131 

gage  heights 127-123,130 

rating  Uble 130 

Nevada  ditch  below: 

discharge 135-137 

Velocity  methods  of  measuring  discharge, 

description  of 7-10 

Vertical  velocity-curve  method  of  measuring 

discharge,  description  of 9 

Vines  ditch  above- 
Vale.  Oreg.: 

description 133 

discharge 133 

Walla  Walla  River  at  and  near- 
Milton.  Oreg.: 

description 178,179-180 

discharge 178,180 

discharge,  monthly 179, 181 

gage  heights 179,180-181 

rating  Uble 179 

Walla  Walla  River,  South  Fork,  near- 
Milton,  Oreg.: 

description 176 

discharge 177 

discharge,  monthly 178 

gage  heights 177 

rathig  table 178 

Walla  Walla  River  basin: 

description 176 

Wallowa,  Oreg., 
Bear  Creek  near: 

discharge 228 

Company  ditch  near: 

description 166 

discharge 166 

discharge,  monthly 167 

gage  heights 166-167 

Wallowa    River    near.    See   Wallowa 
River. 
WaUowa  Lake  near- 
Joseph,  Oreg.: 

description 156 

discharge IX 

Wallowa  River  near— 
Elgin,  Oreg.: 

description 161-162 

discharge 162 

discharge,  monthly 163 

gage  heights 162 

rating  table 163 

IRR  178—06 17 


Wallowa  River  near—  Page. 

Joseph,  Or^.: 

description 155-157 

discharge 157 

discharge,  monthly 159 

gage  heights 157-158 

rating  table 158 

Wallowa,  Oreg.: 

description 159 

discharge 160 

discharge,  monthly 161 

gage  heights 160 

rating  table 161 

Wallowa  Falls,  above  Wallowa  Lake, 
Oreg.: 

discharge 230 

Wallowa  River  Valley, 
ditches  in: 

descriptions  and  discharges 163-167 

Wapatox  canal  near- 
North  Yakima,  Wash.: 

description 66 

discharge 66 

gage  heights 66 

head  works  location 54,66 

Waterloo,  Oreg., 

South  Fork  of  Santiam  River  at: 

description 225 

I  discharge 226 

I  gageheights 226 

Weir  method  of  measuring  discharge,  re- 

'      qulrements  of 7 

I  Wenache  River  st- 
Cashmere,  Wash.: 

description 40 

I  discharge 41 

discharge,  monthly 42 

I  gageheights 41 

I  rating  table 42 

'  Wenache  River  basin: 

1  description 40 

!  Westfal^Oreg., 

Malheur  River  near: 

'  description 124 

I  discharge 124 

discharge,  ir  onthly 126 

gage  heights 125 

'  ratingUble 125 

West  Kittitas  canal  near- 
I  Thorp,  Wash.: 

I  discharge 55 

j  gageheights 55 

head  works  location 53, 55 

White  6c  Leach  canal  near— 
I  North  Yakima,  Wash.: 

description 71 

j  discharge 71 

I  gageheights 72 

head  works  location 54, 71 

I  White  River  basin: 

^         description 230 

Wild  Horse  Creek  near— 
Pendleton.  Oreg.: 
I  discharge 230 
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Willamette  River  at—  Page. 

Albany,  Oreg.: 

description 223 

discharge 223 

gage  heights 223 

Willamette  River,  Coast  Fork,  near— 
Goshen,  Oreg.: 

description 221 

discharge 221 

gage  heights 222 

Willamette  River,  Middle  Fork,  at— 
Jasper,  Oreg.: 

description 220 

discharge 221 

gage  heights 221 

Willamette  River  basin: 

description 230 

Willow  Creek  basin: 

description 202 

Willow  Creek  [of  the  Columbia]  near- 
Arlington,  Oreg.: 

description 202 

discharge 202 

discharge,  monthly 203 

gage  heights 202 

rating  table 203 

WlUow  Creek  [of  the  Malheur]  near- 
Dell,  Oreg.: 

description 143-144 

discharge 144 

discharge,  monthly 146 

gage  heights 144-145 

rating  table 145 

Malheur,  Oreg.: 

description 141 

discharge 142 

discharge,  monthly 143 

gage  heights 142 

rating  table 143 

WiUow  Creek  Valley- 
ditches  in,  above  Vale,  Oreg.: 

discharge 145-148 

Wilson  &  Co.'s  ditch  at— 
Echo,  Oreg.: 

description 194 

discharge 194 

Wilson  ditch  near- 
Ontario,  Oreg.: 

description 121 

discharge 121 

Winans  City,  Oreg., 
Hood  River  at: 

description 219-220 

discharge 220 

gage  heights 220 

Yakima,  Wash., 

Sunnyside  canai  near: 

description 61 

disc*harge ei 

gage  heights 62 

head  works  location 53, 61 

Wide  Hollow  waste  near: 

discharge 78 

Yakima     River     near.     See     Yakima 
River. 
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Yakima  River  Basin:  P«fe. 

description Q 

Yakima  Indian  Reservation,  Wash., 

New  Reservation  canal  In: 

discharge 60 

gage  heights 60 

head  works  location 53.60 

Old  Reservation  canal  In: 

discbarge 61 

gage  heights «l 

head  works  location 53.61 

Yakima  River,  Wash.: 

canals  taking  water  from: 

llstof S3 

station  data 5i-« 

'near  Klona: 

description »-J0 

discharge 30 

discbarge,  montlily a 

gage  heigh ts 51 

rating  table a 

near  Mm  tin: 

description 4J-« 

discharge 44 

discharge,  monthly ti 

gageheights 44 

ratine  table 15 

near  North  Yakima: 

description 45 

gageheighta « 

near  Prosser: 

description 4* 

discharge 4* 

gage  heights • 

near  Yakima: 

description 46 

discharge f 

gageheights C 

Yakima  V^alley 

canals  In: 

description S-S 

list  of 5W4 

station  data 5*-l 

Yakima  Valley  canal  near- 
North  Yakima,  Wash.: 

descnptlon ^ 

discharge H 

gageheights n 

head  works  location 5t3) 

Yamhill  River  near- 
Sheridan.  Oreg.: 

disch  rge 2» 

Yoakum,  Oreg., 

Horseshoe  Irrigation  Company's  ditch 
at: 
^  description W 

UmatllU  River  near: 

description 185-1* 

discharge '* 

discharge,  monthly ^^ 

gageheights l*-l^ 

rating  table ^ 

Zlndel.  Wash., 

Grande  Ronde  River,  at: 

depcriptlon ^ 

gageheights 15S-1J' 
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CLASSIFICATION  OF  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Water-Supply  Paper  No.  178.] 

The  pablications  of  the  United  States  Geological  Survey  consist  of  (1)  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of 
United  States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  United 
States — folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publica- 
tion; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had 
on  application. 

Most  of  the  above  publications  may  be  obtaine<l  or  consultecl  in  the  following 
ways: 

1.  A  limited  numt>er  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  delivered  to  ^nators  and  Representatives  in  Congress,  for 
distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
I>.  C,  from  whom  they  may  be  had  at  practically  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
ajre;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 

Series  p, — The  hydrographic  progress  reports  contain  the  results  of  stream  measurements.  A 
report  is  issued  for  every  calendar  year,  containing  the  results  of  data  collected  during  that  year. 
These  reports  were  first  published  as  a  part  of  the  Director's  annual  report  or  as  a  bulletin:  they  are 
now  published  as  water-supply  and  irrigation  papers.  The  following  is  a  list,  by  years,  of  the  publi- 
catlouM  containing  the  prepress  reports  of  stream  measurements.  A  detailed  index  of  these  reports 
(188^1908)  is  published  as  Water-Supply  Paper  No.  119. 
1^88.  Tenth  Annual  Report,  Part  II. 

1889.  Eleventh  Annual  Report,  Part  II. 

1890.  Twelfth  Annual  Report.  Part  II. 

1891.  Thirteenth  Annual  Report.  Part  III. 

1892.  Fourteenth  Annual  Report,  Part  II. 
18)3.  Bulletin  No.  181. 

1894.  Bulletin  No.  131;  Sixteenth  Annual  Report,  Part  II. 

1895.  Bulletin  No.  140. 

1896.  Water-Supply  Paper  No.  11;  Eighteenth  Annual  Report,  Part  IV. 

1897.  Water-Supply  Papers  Nos.  15  and  16;  Nineteenth  Annual  Report,  Part  IV. 

1898.  Water-Supply  Papers  Nos.  27  and  28;  Twentieth  Annual  Report,  Part  IV. 

1899.  Water-supply  Papers  Nos.  35,  36,  37,  3«,  and  39;  Twenty-first  Annual  Report,  Part  IV. 

1900.  Water-Supply  Papers  Nos.  47, 48, 49, 50, 61,  and  52;  Twenty-second  Annual  Report,  Part  IV. 

1901.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  6.^  and  75. 
West  of  MisKi!<sippi  River,  Water-Supply  Papers  Nos.  66  and  76. 
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II  8EKIES    LIST. 

,  1902.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  S2  and  83. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  84  and  85. 

1903.  East  of  Mississippi  River.  Water-Supply  Papers  Nos.  97  and  98. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  99  and  100. 

1904.  East  of  Mississippi  River,  Water-Supply  Papers,  Nos.  124,  125,  126, 127. 128.  and  129. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  130. 131. 132, 133.  134.  and  135. 

1905.  East  of  Mississippi  River,  Nos.  165. 166,  167, 168.  169.  170,  and  171. 
West  of  Mississippi  River,  Nos.  171, 172,  173,  174,  175, 176, 177,  and  178. 

The  Qeological  Survey  and  the  Reclamation  Service  have  subofRces  in  di£Ferent  parm  of  the  United 
States,  from  which  hydrographic  and  reclamation  work  in  the  respective  localities  is  carried  on,  and 
where  data  may  be  obtained  on  application.    These  offices  are  located  as  follows : 

Boston,  Mass.,  6  Beacon  street;  Utica,  N.  Y..  75  Arcade;  Atlanta,  Ga.,  409  Temple  court;  Austin, 
Tex.,  University  of  Texas:  Chicago,  111.,  876  Federal  Building;  Belle  Fourche.  S.  Dak.;  Cody,  Wya; 
Denver,  Ck)lo.,  Chamber  of  Commerce  Building:  Salt  Lake,  Utan;  Los  Angeles,  CaL,  110*5  Union  Tnw 
Building;  Phoenix,  Ariz.;  Carlsbad,  N.  Mex.;  El  Paso,  Tex.;  Billings,  Mont.;  Huntley,  Mont.:  Haaen. 
Nev.;  Boise,  Idaho;  North  Yakima.  Wash.;  Portland,  Oreg.,  351  Washington  street. 
Correspondence  should  be  addressed  to 

The  Dirbctor, 

United  States  Geological  Survey, 

Washington,  D.  C 
July,  1906. 
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PREVETs^TION  OF  STREAM  POLLUTION  BY  DISTILLERY 

REFUSE. 


By  Herman  Stabler. 


gpOPE  OF  INVESTIGATION. 

This  report,  gives  an  account  of  investigations  carried  on  near  Lynchburg,  Ohio,  to  discover 
feasible  means  of  preventing  the  pollution  of  streams  by  distillery  refuse.  Lynchburg  is  in 
Highland  County,  Ohio,  a  few  hundred  yards  east  of  the  East  Branch  of  Little  Miami  River 
and  about  60  miles  northeast  of  Cincinnati.  It  has  a  population  of  a  little  less  than  1,000. 
Above  and  below  Lynchburg  the  East  Branch  of  Little  Miami  River  flows  through  an  agri- 
cultural district,  and  as  the  town  has  no  sewerage  system  the  stream  is  not  seriously  polluted 
except  by  the  distillery  refuse.  The  investigation  was  therefore  confined  to  the  following 
subjects:  (1)  The  processes  at  the  distillery  and  the  sources  of  pollution;  (2)  the  effect  of 
the  pollution  on  the  stream;  (3)  the  economical  disposal  of  distillery  wastes  in  such  way 
that  there  will  be  no  pollution  of  streams. 
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DISTILLERY  PROCESSES  AND  SOURCES  OF  POLLUTION. 

GKAJN  DISTILLATION. 

The  distiUery  at  Lynchbui^  manufactures  grain  liquors,  including  principally  rj^e  and 
bourbon  whisky.  The  process  of  manufacture  in  such  an  establishment  is  generully  alnmt 
as  follows:  The  grain,  freed  from  husks  or  chaff  and  other  impurities,  is  ground  to  a  coarse 

oTwcn«.y-sixth  Ann.  Kept.  V.  S.  Gcol.  Survey,  H<05,  i)p.  2I.S-217. 
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meal  in  roller  mills,  the  fineness  of  grinding  being  varied  somewhat  with  the  grade  of  spirits 
to  be  produced. 

Definite  amounts  of  the  meal  are  weighed  out  for  '"mashing"  by  Government  internal-rev- 
enue officers  and  conveyed  to  cookers.  The  cooker  is  a  closed  iron  digester,  cylindrical  in 
shape,  horizontally  placed,  and  provided  with  stirring  apparatus. 

The  Hofl'man-Ahlers  vacuum  mash  cooker  is  iUustrated  by  fig.  1 .  In  operation  with  com 
the  cooker  is  about  half  filled  with  water  (20  gallons  of  water  being  used  for  each  bushel  of 
grain  to  be  mashed)  and  the  stirring  apparatus,  seen  within  the  shell  of  the  cooker  on  the  Ht 
and  actuated  by  the  belt  pulley  at  the  end  of  the  macliine,  is  started.  Steam  is  then  admit- 
ted, and  the  grain  meal  is  introduced  through  the  manhole  on  top.  The  manhole  is  then 
closed  and  steam  forced  in  until  a  pressure  of  about  55  pounds  per  square  inch  is  reaciied. 
To  accomplish  a  thorough  digestion,  this  pressure  is  maintained  about  half  an  hour  after  the 
steam  is  shiit  off.  A  vacuum  pump  connecting  at  the  bell  on  top  of  the  machine  is  then 
started  and  by  reduction  in  pressure  the  contents  of  the  cooker  are  cooled  down  to  aNmt 
63°  C.  Ground  barley  malt  mixed  with  a  little  water  is  then  added  and  thoroughly  mixed 
with  the  contents  of  the  cooker  for  about  half  an  hour.  During  this  time  the  diastase  of  the 
malt  acts  upon  the  starch  in  the  digested  grain  meal  and  converts  it  into  maltose  and  dcxtri- 
nous  matter,  the  object  of  the  distiller  being  to  increase  the  maltose  and  decrease  the  dextri- 
nous  product. 


Fig.  1.— Vacuum  mash  cooker. 


The  distiller  dcsiros  to  product'  from  his  prain  the  greatest  possible  amount  of  alcohol, 
and  therefore  fixes  the  narrow  limit  of  00°  to  (V^  for  mashing.  A  higher  temperature 
would  favor  the  production  of  a  greut(»r  (luantityof  comj)ounds  not  readil}' convertible 
into  ethyl  alcohol.  In  addition  to  the  temperature,  tb.e  quality  of  the  malt  and  of  the  waUT 
has  a  consideraljle  efTcct  upon  mashing.  Disi  iller's  malt  i.s  now  generally  specially  prepared 
to  produce  a  rapid  and  thorougli  conversion  of  sturcli,  the  germ  of  the  malted  grain  being 
highly  developed  to  produce  a  maximum  dijustatic  power.  Tlie  water  used  niay  retard  <>r 
accelerate  the  action  of  diastase.  Generally  speaking,  absence  of  organic  matter  or  putn^ 
factive  products  thereof  and  the  presence  of  calcium  sulphate  are  favorable  to  rapid  conver- 
sion of  starch. 

After  cooling  the  wort  is  conveyed  from  the  cooker  to  the  fermenting  vats.  These  vats 
are  large,  open  wooden  tubs,  cylindrical  in  shape  and  vertically  placed.  The  wort  is  diluted 
to  a  desired  consistency  and  there  is  then  added  to  it  a  yeast  mash,  which  produces  a  fer- 
mentation by  which  the  maltose  is  broken  up  and  forms,  chiefly,  alcohol  and  carbon  dioxide- 
All  the  maltose  having  been  disposed  of,  the  residuum  of  diastase  in  the  wort  attacks  the 
dextrinous  matter,  producing  more  maltose,  which  in  turn  is  fermented.  As  in  the  previous 
processes,  the  production  of  a  maximum  amount  of  alcohol  is  kept  to  the  fore.    The  yeast 
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ii3ed  is  prepiared  from  pure  cultures  to  avoid  loss  pf  alcohol  by  the  action  of  wild  yeasts  pro- 
ducing acetic,  lactic,  or  other  acids.  The  temperature  is  not  made  any  higher  than  the 
point  at  which  a  healthy  fermentation  can  be  started,  in  order  to  avoid  the  production  of  an 
excess  of  aldehyde  and  fusel  oil  (the  chief  impurities  in  the  manufacture  of  alcohol)  and  the 
loss  of  alcohol  by  evaporation.  The  maximum  time  allowed  by  law  for  fermentation  Ls 
seventy-two  hours.  The  distiller  therefore  uses  an  active  top  fermentation,  by  which  all 
sugar  is  converted  into  alcohol  as  rapidly  and  as  completely  as  possible.  Carbon  dioxide 
hubbies  up  from  the  surface  of  the  liquid  in  the  tubs  in  great  quantity  soon  after  fermenta- 
tion is  started,  and  a  top  coating,  composed  of  the  suspended  matter  in  the  wort,  rapidly 


FiQ.  2.— ContinuvHis  beer  still. 


forms  to  a  thickness  of  several  inches.  As  the  fermentation  ncars  completion  the  gas 
escapes  in  diminishing  quantity  and  the  top  coating  of  suspended  matter  gradually  sub- 
sides, leaving  a  light  yellow  liquor — a  slimy  mixture  of  solid  matter,  water,  alcohol,  fusol 
oil,  aldehyde,  acids,  etc. — known  technically  as  beer. 

The  beer  contains  a  small  percentage  of  alcohol,  which  is  separated  from  the  other  prod- 
ucts by  distillation.  This  separation  is  now  generally  accomplished  by  means  of  a  continu- 
ous distilling  apparatus,  modeled  more  or  less  upon  the  plan  of  the  Coffey  still.  Such  a  still 
is  shown  in  fig.  2.  The  pump  D  forces  the  beer  through  the  check  valve  /  into  the  tubular 
heater  and  condenser  B.  In  passing  through  the  tubes  of  B  the  beer  is  heated  by  the  vapor 
which  surrounds  them  and  then  passes  into  the  still  A  through  the  pipe  K.    On  entering 
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the  still  the  Leer  starts  on  a  downward  courae,  but  is  met  by  an  upward  rush  <^  steam  intro- 
duced through  the  perforated  pip6  0. 

The  still  is  fitted  with  an  ingenious  arrangenoent  of  perforated  plates  having  tubular  ofer- 
flows  (shown  near  the  center  of  the  illustration),  which  brings  each  particle  of  beer  into  con- 
tact with  the  ascending  steam.  Since  alcohol  is  vaporized  at  a  much  lower  temperabire 
than  water,  the  steam  pressure  (and  consequently  the  temperature)  is  so  regulated  withobsp^ 
vation  of  the  steam  gage  F  as  to  effect  a  complete  vaporization  of  the  alcohol,  which,  together 
with  some  water  vapor,  passes  off  through  L  into  the  tube  chamber  of  B.  Here  the  alco- 
holic vapor  surrounding  the  tubes  is  cooled  by  the  beer  within  them  and  some  impurities 
are  condensed  and  returned  to  the  still  through  M.  The  purer  product,  however,  escapes 
through  N  to  the  condenser  and  cooler  C.  As  may  be  seen  in  the  illustration,  the  alooholk* 
vapor  takes  a  spiral  course  between  two  bodies  of  water,  which  cool  and  condense  it  until 
it  emerges  in  the  try  box  J  as  a  mixture  of  alcohol  and  water,  or  raw  spirits.  The  tiy  box 
is  locked  and  sealed  by  an  internal-revenue  officer,  and  the  degree  of  concentration  of  the 
spirits  may  be  read  from  a  hydrometer  floating  in  the  liquor.  It  may  be  here  mentioned  that 
the  distiller  has  no  access  to  the  spirituous  liquor  after  it  leaves  the  still,  all  subsequent 
operations  being  under  the  supervision  of  internal-revenue  officers,  who  lock  and  seal  all 
means  of  access  until  the  liquor  is  barreled,  gaged,  and  stored  in  a  warehouse,  from  which 
it  can  be  legally  removed  only  by  payment  of  the  revenue  tax. 

The  spirit  product  of  the  still  accounts,  of  course,  for  only  k  small  portion  of  the  beer. 
The  dealcoholized  liquid,  known  as  slop,  gravitates  to  the  bottom  of  the  still  and  is  bk)wn 
out  at  H.  At  £  is  a  contrivance,  known  as  the  slop  tester,  used  in  determining  the  effieiancy 
of  the  still.  The  slop  is  variously  wasted,  pumped  back  for  further  use,  fed  to  cattle,  or 
treated  for  recovery  of  a  dried  stock  food.  It  forms  the  great  body  of  liquid  waste  from  a 
distillery. 

The  crude  spirit  as  it  comes  from  the  still  contains  aldehyde  and  fusel  oil,  whidi  give  it  a 
nauseating  odor  and  taste.  These  are  partially  removed  by  filtration  through  wood  cJiar- 
coal.  The  spirit  is  further  purified  by  a  second  distillation  in  a  rectifier.  This  is  an  inter- 
mittent process,  the  spirit  being  introduced  by  charges.  The  first  vapor  is  chiefly  aldehyde 
and  fusel  oil  and  is  collected  and  sold  as  such.  Of  the  remainder  a  part  may  bo  sold  as 
alcohol  or  the  whole  may  be  reduced  to  a  suitable  proof  and  stored  in  oak  barrels  for  the  pro- 
duction of  whisky  by  aging.  During  the  aging  process,  which  generally  lasts  from  two  to 
eight  years,  the  residuum  of  fusel  oil  is  broken  up  and  the  liquor  acquires  the  characteristic 
aroma  and  taste  of  commercial  whisky.  Coloring  matter  is  absorbed  from  the  barrels  bv 
the  spirit,  which  changes  from  colorless  to  whisky  brown. 

From  the  rectifier  a  small  amount  of  waste  slop  and  wash  water  passes  off.  This  is 
dilute,  and  not  usually  sufficient  in  quantity  to  produce  a  nuisance.  It  will  be  herein- 
after referred  to  as  waste  A.  At  Lynchburg  this  waste  water  was  run  directly  into  the 
stream.  Its  quantity  was  so  small  and  its  flow  so  irregular,  as  compared  with  the  other 
wastes,  that  it  received  no  detailed  consideration  in  the  investigation. 

TREATMENT  OF  SLOP. 

In  the  distillery  at  Lynchburg,  as  in  many  other  distilleries,  a  portion  of  thi  slop  from 
the  still  was  used  again  as  a  diluent  in  the  fermenting  vats;  the  greater  part  of  the  sus- 
pended matter  was  screened  out,  dried,  and  sold  as  stock  food;  a  portion  of  the  remainder 
was  fed  to  cattle;  the  rest  was  wasted.  A  detailed  description  of  the  treatment  is  given 
in  order  to  furnish  a  complete  understanding  of  the  proposed  method  of  slop  diq>o8al. 
This  description  may  be  considerod  as  characteristic,  though  details  vary  somewhat  in 
the  practice  of  different  distilleries. 

For  clearness  and  convenience  the  slops  from  com  and  rye  distillation,  respectively, 
will  be  denominated  *  'corn  "  and  '  *  rye  "  slops.  As  the  treatment  of  the  liquor  is  described, 
the  various  slops  will  be  further  designated  by  numbers  and  letters. 

The  slop  as  it  comes  from  the  still  will  be  referred  to  as  "slop  rye  1 "  and  **  slop  com  1." 
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Slop  ryo  1  flows  by  gravity  through  a  flume  and  pipe  line  to  a  receiving  well  at  a  building 
known  as  the  ''slop  house;"  thence  it  is  pumped  to  a  perforated  brass  sheet  or  screen, 
which  is  set  at  such  an  inclination  that  the  greater  part  of  the  slop  passes  through  and  is 
carried  away  in  a  wooden  flume  to  settling  vats.  This  thin  slop  from  the  screen  will  be 
designated  ''slop  rye  2.''  The  coarser  suspended  matter,  with  some  thin  liquor,  passes 
over  the  screen  and  falls  into  a  wooden  tub.     This  is  slop  rye  3. 

Slop  rye  2  is  allowed  to  stand  in  settling  vats  for  a  few  hours,  when  the  supernatant, 
slop  rye  4,  is  allowed  to  run  into  a  pool  of  accumulated  slops  and  filth.  The  heavier  liquor 
from  the  vat  bottoms,  slop  rye  5,  is  drawn  off  and  fed  to  cattle,  hundreds  of  which  are  kept 
for  the  sole  purpose  of  disposing  of  this  slop. 

Slop  rye  3  is  forced  into  filter  presses,  which  give  a  product  of  a  thin  liquor,  slop  rye  6, 
and  damp  feed,  rye  7.  The  feed,  containing  about  60  per  c*nt  of  moisture,  is  passed  through 
a  revolving  horizontal  cylindrical  hot-air  dryer,  which  reduces  the  moisture  to  less  than 
10  per  cent.  It  is  then  sacked  and  sold  as  a  concentrated  cattle  feed.  Slop  rye  6  joins 
.slop  rye  4  in  the  pool  mentioned  above. 

Slop  com  1  flows  over  a  preliminary  screen  set  in  the  flume  l)ottom,  and  is  thereby  sepa- 
rated into  a  thin  slop,  com  la,  and  a  thicker  slop,  com  lb.  Slop  corn  la  is  pumped  back 
to  the  fermenting  vats,  where  it  is  used  to  dilute  the  wort  from  the  cx)okers.  Slop  corn  lb 
follows  the  same  course  as  slop  rye  1 ,  and  is  divided  in  exactly  the  same  manner.  The 
only  variation  in  the  treatment  of  the  two  is  that  slop  e^rn  6,  instead  of  passing  to  the  pool, 
is  pumped  back  to  join  slop  com  la. 

To  recapitulate,  the  products  are  as  follows: 

1.  Slops  from  still,  rye  1  and  corn  1. 

2.  Slops  from  preliminary  screen  for  corn,  corn  la  and  corn  lb. 

3.  Slops  passing  to  main  screen,  rye  1  and  corn  lb. 

4.  Thin  slops  from  screen  passing  to  settling  vats,  vy^  2  and  com  2. 

5.  Thick  slopi  from  screen  passing  to  filter  presses,  rye  3  and  corn  3. 

6.  Thin  slops  from  settling  vats  discharged  into  pool,  ryo  4  and  corn  4. 

7.  Thick  slop  from  settling  vats,  fed  to  cattle,  rye  5  and  corn  5. 

8.  Thin  slops  from  filter  presse^s,  rye  6  and  com  6. 

9.  Feed  grains  from  filter  presses,  rye  7  and  corn  7,  to  bo  dried. 

10.  Dried  cattle  food,  rye  8  and  com  8,  to  be  sacked  and  sold. 

The  cattle  to  which  slops  rye  5  and  com  5  arc  fed,  and  which  subsist  largely  on  tliis  liquid 
food,  produce  quantities  of  semiliquid  manure.  A  portion  of  this  is  hauled  awuy  to  l>e 
used  as  compost  on  adjacent  farms.  The  remainder,  with  all  the  more  dilute  wash  water 
from  the  cleansing  of  the  cattle  pens,  joins  slops  rye  4,  ryo  0,  and  com  4  in  an  opt»n  barn- 
yard po<)l,  forming  the  chief  liquid  waste  from  the  distiiiory.  This  pcuA  drains,  by  a  con- 
tinuous stream  and  by  large  charges,  into  the  creek,  and  will  l)e  roforred  to  as  waste  B. 

SOURCES  ANI>  C  HAUACTER  OF  I'OI.LUTION. 

It  will  be  observed  that  there  were  two  sources  of  pollution — waste  A,  a  thin  slop  liquor 
of  milky  appearance,  and  waste  B,  a  thin  slop  liquor  mixed  with  filth  from  cattle  stables. 
From  10,000  to  J5,000  gallons  wore  discharged  each  day,  bearing  into  the  stream  from 
three-fourths  ton  to  1^  tons  of  solid  matter. 
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The  slop  was  essentially  a  com  or  rye  extract,  contaiDing  all  the  ingredients  of  the  grains 
except  starch  (which  had  been  removed  in  the  form  of  alcohol  and  carbon  dioxide)  in  approxi- 
mately the  same  proportions  that  the  grains  originally  contained  them.  The  following  taUe 
of  analyses  of  the^  grains,  by  Richardson,  is  taken  from  Thorpe's  Dictionary  of  Applied 
Chemistry,  vol.  1  (1890),  page  490: 

Table  1. — Average  analyses  of  com  and  rye. 

[Baaed  on  lU  analyses  of  com  and  57  analyses  of  rye] 


Constituent.  Com.  .   Rye. 


Water 10.0  i  8.7 

Nitrogen  substance 10.5  11  3 

Fat •. I  5.2  1.9 

Carbohydrates ;  70.7  74  5 

Fiber 2.1  15 

Ash 1.5  2.1 


100.0 


100.0 


As  com  and  lye  cxjntain  about  55  and  45  per  cent,  respectively,  of  starch,  the  slop  will 
receive  35  to  45  per  cent  of  the  grain  as  solid  matter. 

Table  2. — Solid  matter  of  com  and  rye  found  in  distUler^s  slop. 


Con.stituent. 

Corn 

10.5 
5.2 

15.7 
2.1 
1.5 

Rye. 

Nitrogenous  8Ul)stanco 

11.3 

Fat 

1.9 

Carbohydrates 

29.5 

Fii)er 

1.5 

Ash 

' 

2.1 

■ 

35.0 

46.3 

As  al)out  6.7  parts  of  water  are  used  to  1  part  of  grain  in  the  distiller}'  processes,  it  b  evi- 
dent that  the  slop  contained  something  less  than  10  per  cent — probably  about  5  per  cent — 
of  solid  matter. 

Of  the  constituents  named,  those  containing  nitrogen  make  up  the  tissue-forming  protein 
s<3  important  in  animal  food.  Carbohydrates,  fat,  and  fil)er,  digestible  in  greater  or  leas 
degree,  are  producers  of  energy  and  fat.  By  the  extraction  of  the  starch  the  proportional 
content  of  protein  is  greatly  increa.scd,  and  the  solid  matter  of  distillery  slop  when  ^parated 
from  the  water  and  dried  thus  becomes  a  valuable  concentrated  animal  food.  The  ash  also, 
chiefly  potassium  phosphate,  has  some  food  value. 

Since  these  constituents  have  been  taken  largely  from  the  soil  in  producing  the  grain,  it  is 
obvious  that  they  will  be  suitable  for  use  as  a  compost,  which,  by  decay,  would  return  to  the 
soil  much  of  the  material  taken  from  it.  The  use  of  these  substances  as  food  for  animals, 
however,  possesses  much  the  greater  monetary  value. 

Additional  information  regarding  the  constitution  of  distillery  effluents  is  furnished  by  the 
following  analyses  of  the  slop,  or  ''pot  ale,"  of  English  distilleries,  adapted  from  Trades 
Waste:  Its  Treatment  and  Utilization,  by  W.  Naylor: 
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Tabij:  3. — Analyses  of  pot  ale  from  English  distilleries. a 

[Parts  per  million.] 
SOUCIL  AND  HARVIES  DISTILLERIES.  | 

Sodcil 
Constituent. 


Har- 
vle's.e 


Dissolved  matters: 

Total  solids 

Organic  carbon 

Organic  nitrogen 

Ammonia. 

Nitrogen  aa  nitrites  and  nitrates 
Total  combined  nitrogen 

Suspended  matters: 

Mineral 

Organic 

Total 


oNaylor.  op.  cit..  p.  152.  6  July  21,  1870.  c  March  15.  1872. 

CRUDE  SOUR  POT  ALE,  SOURCE  UNKNOWN.^ 

[Parts  per  million.] 

Free  ammonia 81 

•  Albuminoid  ammonia 55 

Chlorine 388 

Mineral  solids 2,100 

VoIatUe  solids 23,850 

Total  solids 25, 950 

POT  ALE.  SOURCE  UNKNOWN.^ 

[Parts  per  million.] 

Total  solid  matteJ  (soluble) 31,300 

Ash 7,210 

Phosphoric  acid 1,990 

Saline  ammonia 100 

.\lbuminoid  ammonia 890 

Sugar 400 

Carbohydrates,  aldehydes,  and  organic  acids  (lactic  and  succinic) 14,700 

Oxygen  absorbed  in  four  hours ' 1 ,270 

It  would  appear  from  these  analyses  that  most  of  the  suspended  matter  had  been  removed 
from  all  samples  except  that  taken  from  the  Soucil  distillery.  They  indicate  that  nearly 
half  of  the  solid  matter  of  the  slop  Is  in  solution,  and  that  the  total  solids  amount  to  between 
5  and  10  per  cent.  The  varying  nitrogen  values  indicate  that  in  some  samples  decomposition 
of  nitrogenous  matter  had  begun.  The  high  values  of  nitrogenous  matter  and  carbohydrates 
and  especially  the  high  ratio  of  nitrogenous  to  nonnitrogenous  material  argue  well  for  the 
food  value  of  the  slop. 

Almost  the  whole  substance  being  organic,  subject  to  putrefaction,  and  undergoing 
secondary  fermentations,  the  ordinary  sewage  tests,  both  chemical  and  bacteriological,  were 
considered  suitable  for  tracing  the  effect  of  such  an  effluent  upon  the  stream  at  Lynchburg. 

aNaylor,  op.  clt.,  p.  153.  61  bid,  p.  149. 
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EFFECT  OF  POLLUTING  EFFLUENTS  ON  THE  STREAM. 

A  reconnaissance  of  the  East  Branch  of  Little  Miami  was  made  from  Ljnchbuzg  to 
Fayette ville,  a  distance  of  about  9  miles.  At  suitable  intervals  samples  were  taken  for 
chemical  analysis,  and  field  tests  for  dissolved  oxygen  were  made.  In  addition,  plates  were 
made  in  the  field  for  total  bacterial  count  on  agar,  for  count  of  acid-forming  bacteria  oo 
lactose  litmus  agar,  and  cultures  of  strong  agar  were  made  for  subsequent  traosplantiog 
and  examination  for  the  colon  bacilU. 

The  reconnaissance  developed  the  foUowing  physical  evidences  of  pollution: 

1.  The  condition  of  the  stream  above  the  distillery  was  very  good.  No  evidence  of 
pollution  was  apparent.    The  water  was  generally  clear  and  nearly  colorless. 

2.  The  stream  waters  were  colored  a  light  yellow  upon  the  entrance  of  the  distillery  waste. 
This  yellow  cast  was  noticeable  for  perhaps  a  mile,  giving  way  graduaUy  to  a  dark  murky 
appearance,  such  as  is  commonly  ascribed  to  stagnant  water.  The  stream  presented  this 
darker  appearance  for  about  6  miles. 

3.  A  slimy  sediment  (or  possibly  a  growth  of  some  organism)  covered  the  stream  bed  for 
G  or  7  miles  below  the  distillery.  Near  Lynchburg  this  was  yellow  and  heavy.  It  decreased 
in  amount  downstream  and  changed  in  color  to  a  dark  brown  or  green. 

4.  At  Bateman  Bridge,  3  miles  below  the  distillery,  and  at  St.  Martins  Bridge,  6  miles 
lielow,  the  stream  banks  were  edged  with  numbers  of  small  dead  fish. 

5.  An  odor  of  putrefaction  was  very  distinct  a  few  yards  from  the  stream  at  the  two 
points  above  mentioned. 

The  stream,  when  examined,  was  somewhat  above  its  average  stage  of  flow.    The  fore- 
going conditions  would,  of  course,  be  accentuated  with  decrease  inflow.      Fortunately 
the  distillery  is  closed  from  July  to  October,  inclusive.     During  the  season  of  lowest  flow, 
therefore,  pollution  is  obviated.    The  difficulty  is  greatest  during  the  late  fall  and  early ' 
winter. 

It  was  stated  by  a  resident  6  miles  below  Lynchburg  that  the  stench  from  the  creek  is  at 
times  so  great  as  to  be  very  ofTensive.  Others  stated  that  during  the  distillery  season  there 
is  no  fishing  l)otweon  Lynchburg  and  Fayettoville,  but  that  during  the  summer  numerous 
carp  can  be  caught.  At  Fayetteville  there  were  no  visible  evidences  of  pollution  when  the 
roconnaisance  was  made. 

The  results  of  the  chemical  and  bacteriological  determinations,  together  with  the  estimated 
dilution  of  the  distillery  effluent  by  the  stream  waters,  are  shown  by  the  accompanying 
tabic.  The  chemical  constituents  were  determined  as  follows:  Dissolved  oxygen,  by  the 
Winkler  method  in  the  field;  oxygen  consumed,  by  permanganate  method,  boiling  five 
minutes;  organic  nitrogen,  by  the  Kjeldahl  method;  free  anmionia,  by  the  distiUatioD 
method;  chlorine,  by  titration  with  silver  nitrate,  potassium  chromate  indicator;  alkalinity, 
by  lacmoid,  boiling;  solids,  in  platinum,  drying  at  100**  C;  loss  on  ignition,  by  three- 
minute  ignition  at  a  shade  under  dull-red  heat. 
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Table  4. — Effect  on  East  Branchy  Little  Miami  River,  of  effluent  from  distillery  at  Lynchburg, 

Ohio. 

(Chemical  constituents  expressed  in  parts  per  million.] 


Nombers  of  samples 

Distance  below  distillery. . . 
Dilution  of  distillery  waste. 

Dissolved  oxygen 

Oxygen  consumed 

Organic  nltrogen: 

Total 

Dissolved 

Saspended 

Ammonia,  free 

Chlorine 

Alkalinity 

Solids: 

Total 


Dissolved 

Suspended 

Loss  on  ignition: 

Total 

Dissolved 

Sisspended 

Knmber  of  bacteria  per  c.c... 

Add-forming  bacteria  in  5c  .c 

(lactose  litmus  agar  plate) 

Colon  bacilli  in  1  c.  c.  (strong 
agar  culture). 


Dam 

above 

distillery. 


4292,4286 


7.6 
5.46 

.76 
.66 
.09 
.05 


4 

183 


272 
17 

67 

61 
6 
5,200 
Absent. 

Absent. 


Ford  be- 
low distU- 
lery. 


4203,4287 

75  yards. 

1  in  150 

5.9 

41.20 

6.59 
2.58 
4.01 
.05 
3.5 
201 

425 

346 

79 

171 

112 

59 

172,000 

Absent. 

Absent. 


Lower 
bridge  at 
Lynch- 
burg. 


4291,4297 

0.5  mile. 

1  in  150 

4 

13.24 

2.09 
.85 

1.24 
.17 

5 
205 

305 

294 

11 

74 
63 
11 

47,000 
Absent. 

Absent. 


Bateman 
Bridge. 


4294,4288 

3  miles. 

1  in  250 

2.3 

10.89 

1.49 
1.16 
.33 
1.6 
3.7 
187 

272 
266 


70 

59 

11 

143,000 

Absent. 

Present. 


St.  Mar- 
tins 
Bridge. 


4289,4295 

6  miles. 

1  in  300 

1.4 

52 

15.13 
8.02 
7.'1 
4.62 
7.2 
238 

483 
431 
52 

238 
172 
66 
473,000 
(°) 

Present. 


Fayette- 

ville 
Bridge. 


4290,4296 

9  miles. 

1  in  350 

6.9 

9.16 


.8 
.03 
.14 


5 
184 

282 

273 

4 


73 

None. 

2,000 

Absent. 

Absent. 


a  Overgrown. 

The  results  for  St.  Martins  Bridge  are  far  out  of  proportion  to  the  others.  There  is 
ahuost  no  dissolved  oxygen;  oxygen  consumed  is  9.5  times  the  normal;  suspended  organic 
nitrogen  is  79  times  the  normal;  dissolved  organic  nitrogen  is  12  times  the  normal; total 
organic  nitrogen  is  20  times  the  normal ;  free  ammonia  is  92  times  the  normal ;  chlorine,  is 
1.8  times  the  normal;  alkalinity  is  1.3  times  the  normal;  total  solid  matter  is  1.67  times  the 
normal;  dissolved  matter  is  1.5S  times  the  normal;  total  suspended  matter  is  3.06  times 
the  normal;  the  loss  on  ignition  is  3.6  times  the  normal  for  total,  2.8  for  dissolved,  and  11 
for  suspended  solid  matter;  bacteria  are  91  times  as  numerous  as  above  the  distillery. 
Colon  bacilli  were  present  in  I  cubic  centimeter;  the  water  had  a  dark,  stagnant  appear- 
ance; stench  was  noticeable  some  yards  from  stream;  numbers  of  small  dead  fish  were 
found  lining  the  banks.  The  conditions  at  this  place,  6  miles  below  point  of  pollution, 
constitute  a  very  serious  menace  to  property  values,  and  render  the  stream  unfit  for  use. 
These  conditions  are  unusual  and  are  not  considered  in  the  following  discussion  of  normal 
pollution,  and  may  be  easily  explained  on  the  supposition  that  a  few  hours  before  the  samples 
were  taken  a  large  amount  of  matter  was  discharged  from  the  pool  of  filth  at  the  distillery 
and  had  just  reached  the  St.  Martins  Bridge. 

In  order  to  trace  the  diminution  of  evidences  of  pollution  and  the  progress  of  the  purifica- 
tion of  the  distillery  refuse  as  it  passes  downsti-eam,  the  results  of  analyses  have  been  reduced 
to  show  percentage  of  normal  values,  the  stream  at  the  dam  above  the  distillery  l>eing 
taken  as  normal.  The  results  of  this  reduction  are  shown  numerically  in  the  following 
table: 
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Table  b.- -Percentage  vuriation  from  normal  in  constituents  determined  in  water  taktna- 
certain  points  on  East  Branch,  Little  Miami  River. 

(Ingredients  in  water  at  dam  above  distillery  taken  as  normal,  or  100  per  cent.] 


Dissolved  oxygen . . 
Oxygen  consumed. 
Organic  nitrogen: 

Total 

Dissolved 

Suspended 

Ammonia,  free 

Chlorine 

Alkalinity 

Solids: 

Total 

Dissolved 

Suspended 

Loss  on  ignition: 

Total 

DIssolvetl 

Suspended 

Bacteria  perc.  e.. . 


Ford  be- 
low distil- 
lery. 


'    Lower 
!  bridge  at 
i*  Lynch- 
i      burg. 


78 
756 

879 
391 
4,450 
100 
88 
110 

147 
127 
4G5 

255 

184 

983 

3,308 


53  I 
242 

I 

279 
129 

1,378 


Bateman 
Bridge, 


199 
176 
370 


St.  Mar- 
tins 
Bridge. 


Favett*^ 
Bndgr. 


I 


340 

3,200 

125 

•   92 

112 

102 

106 

94 

108 

98 

65 

35 

114 

104 

103 

97 

183 

183 

904 

2,750 

18 
952 

2.017 
1,215 
7,900 
9,240 
180 
130 

167 
158 
306 

355 

282 

1,100 

9,096 


91 

m 
ui 

121 

u 
•>( 
liS 

iC 

l(C 


i\s  the  slop  entering  the  creok  is  heavily  charged  with  solid  matter,  suspended  and  in  mh 
tion,  nearly  all  of  which  is  organic,  it  is  to  be  expected  that  the  total  dissolved  and  suapencied 
solids  and  losses  on  ignition  would  rise  suddenly  on  the  entrance  of  the  distillery  refu* 
The  fall  in  content  of  these  matters,  particularly  those  in  suspension,  during  the  first  half- 
mile  below  the  distillery,  indicates  that  nearly  all  suspended  matter  is  deposited  upon  ih*- 
stream  bed  in  that  distance.  This  is  evidenced  by  the  heavy  yellow  sediment  readily  notia^ 
able  and  gradually  diminishing  in  quantity  going  downstream.  The  reduction  in  dissolved 
solids  is  also  fairly  rapid,  in  the  first  3  miles  being  reduced  to  a  trifle  less  than  that  above  tbf 
distillery. 

At  Bateman  Bridge  and  Fayetteville  the  total  solid  matter  is  less  than  above  the  distiflen , 
and  the  cx)ntent  of  volatile  solids  is  only  4  per  cent  greater  at  Bateman  Bridge  and  1  percent 
greater  at  Fayetteville.  So  far  as  these  tests  indicate,  therefore,  the  variations  from  nonnil 
pollution  is  inappreciable  more  than  three  miles  below  the  distillery  (at  Bateman  Bridge),  tlir 
stream  having  almost  entirely  purified  itself  by  natural  means.  The  stream  has  a  moderatf 
flow  and  consists  of  a  succession  of  comparatively  deep  jxk)1s  connected  by  rapids.  TV* 
pools  apparently  act  as  a  cnide  form  of  septic  tank,  and  oxygen  robbed  from  the  stream  h\ 
putrefying  organic  matter  is  gradually  restored  by  aeration  in  the  rapids. 

The  chlorine  and  alkalinity  determinations  serve  only  to  show  that  the  polluting  effluent 
is  somewhat  higher  in  chlorine  and  alkalinity  than  the  normal  stream  water.  The  chk>nn» 
seems  to  rise  and  fall  in  a  manner  that  ran  not  be  attributed  to  any  influence  of  the  distjllenr 
refuse.  The  influence  of  the  slop  in  increasing  the  alkalinity  of  the  stream  was  first  viewed 
with  surprise,  it  being  known  that  the  slop  as  it  comes  from  the  still  is  distinctly  acid.  Te^t^ 
made  afterward,  however,  brought  to  light  the  fact  that  upon  standing  several  dairs  the  slop 
changes  (with  lacmoid  indicator)  from  an  acid  to  a  strongly  alkaline  liquor.  The  chtnge* 
in  alkalinity  downstream  from  Lynchburg  corroborate  the  conclusions  already  reached  frwD 
the  determination  of  solids. 

Tlie  organic-nitrogen  determinations  are  parallel  with  those  previously  discussed,  m^ 
much  ajs  they  show  an  immense  increase  in  organic  matter  with  the  entrance  of  the  distiller) 
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rpfiwe,  followed  by  a  gradual  reduction  in  the  pollution  thus  caused.  Bateman  Bridge,  how- 
ever, does  not  mark  the  limit  of  pollution  indicated  by  these  determinations.  At  that  point 
the  oi^ganic  nitrogen  is  still  twice  as  great  as  al)ove  the  distillery,  that  in  suspension  showing 
the  greatest  proportional  reduction.  At  Fayetteville  the  organic  nitrogen  is  but  little  above 
the  nomiaJ. 

What  has  been  said  regarding  organic  nitrogen  applies  also  to  the  oxygen-consumed  test, 
an  index  to  carbonaceous  matter.  The  avidity  for  oxygen  due  to  the  distillery  refuse  has 
been  nearly  satisfied  at  Bateman  Bridge,  a  reduction  of  less  than  one-third  the  normal 
oxygen-consuming  power  occurring  in  the  6  miles  traversed  between  that  point  and  Fayette- 
ville. 

TTie  two  chemical  tests  not  already  di.«cussed,  dissolved-oxygen  and  free-ammonia,  are  of 
more  than  usual  interest  in  this  case,  because  they  mark  the  crisis  in  putrefactive  action  or 
the  breaking  up  of  carbobaceous  and  nitrogenous  organic  compounds  into  gases,  water,  and 
soluble  mineral  substances.  The  dissolved-oxygen  tests,  showing  immediate  decrease  of  a 
largo  proportion  of  free  oxygen  on  the  advent  of  the  distillery  refuse,  serve  to  corroborate 
the  unusual  oxygen-consuming  power  of  such  refuse-,  as  indicated  by  the  oxygen-ct)nsum- 
ing  tests.  Bateman  Bridge  shows  the  lowest  value  for  dissolved  oxygen  which  can  Im*  attrib- 
uted to  normal  state  of  pollution.  It  may  be  assumed,  therefore,  that  the  carbonaceous 
material  has  at  this  point  been  nearly  all  oxidized,  further  action  of  this  kind  lK»ing  more 
than  compensated  for  by  oxygen  naturally  supplied  to  the  stream  waters.  A  gradual 
increase  in  dissolved  oxygen  is  assumed  to  Fayetteville,  where  it  is  practically  normal. 

Comparing  the  stream  action  with  a  sewage-disposal  system,  Bateman  Bridge  may  be 
looked  upon  as  at  the  exit  of  a  septic  tank,  further  action  being  similar  in  result  to  that  of  oxid- 
izing Gltration.  The  diminution  of  dissolved  oxygen  may  account  for  the  death  of  the  fish. 
The  tests  for  free  ammonia  indicate  the  absence  of  advanced  putrefaction  in  the  refuse 
that  enters  the  stream.  The  nitrogenous  matter  is  gradually  broken  up  until  a  crisis  is 
reached,  as  before  indicated,  near  Bateman  Bridge,  from  which  point  to  Fayetteville  the 
free  ammonia  decreases  from  32  to  2.8  times  the  normal. 

The  bacterial  counts  indicate  that  the  slop  refuse  contains  a  large  number  of  organisms, 
probably  such  as  produce  secondary  ferments;  that  stream  conditions  are  not  favorable  to 
such  organisms,  and  that  they  are  reduced  in  number  thereby;  that  the  organisms  originally 
present  give  place  to  bacteria  which  thrive  on  putrefying  organic  matt-er;  that  those  bacteria 
assist  laigely  in  the  purification  of  the  stream  and  are  not  found,  extensively  at  least,  in  the 
purified  water  at  Fayetteville.  The  significance  of  the  tests  for  B.  coli  communis  is  some- 
what doubtful.  It  will  be  noted  that  this  organism  was  found  at  but  two  points,  Bateman 
Bridge  and  St.  Martins  Bridge,  at  which  places  all  evidencc.s  of  putrefaction  were  greatest. 
It  is  probable  that  its  presence  is  due  to  the  passage  of  a  charge  of  concentrated  filth  from  the 
cattle  pens. 

The  important  results  of  the  reconnaiasance  of  East  Branch  of  Little  Miami  River  from 
Lynchburg  to  Fayetteville  may  be  summed  up  as  follows: 

1.  The  pollution  by  1  part  of  distillery  refuse  in  1.5()  parts  of  water  is  shown  by  a  heavy 
sediment,  deposited  principally  in  the  first  mile  below  the  distillery. 

2.  Such  pollution  causes  a  disagreeable  stench  for  2  or  3  miles  along  the  stream  and  prob- 
ably causes  the  death  of  fish. 

3.  The  putrefaction  of  the  polluting  mat<»rial  in  general  is  al>out  complete  3  miles  Inflow 
the  distillery,  the  stream  at  that  point  Ix^ing  similar  in  character  to  the  dilute  effluent  of  a 
septic  tank. 

4.  Nine  miles  below  Lynchburg  the  stream  is  apparently  nearly  as  pure  as  it  is  above  the 
distillery. 

5.  Laige  amounts  of  refuse  discharged  into  the  stream  at  other  than  flood  stag(»s  produce 
extreme  pollution,  cause  a  strongly  disagrtvable  stench,  kill  fish,  and,  in  a  word,  render  the 
stream  unfit  for  its  natural  uses  for  more  than  6  miles  below  the  distillery. 
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DISPOSAL  OF  DISTILLERY  EFFLUENT  WITHOUT   STREAM 

POLLUTION. 

To  dispase  of  tho  distillery  refuse  without  polluting  the  strcaxn,  four  c^aaily  apparmt 
methods  could  Ix^  used  with  more  or  less  success:  Filtration,  precipitation,  fennentatioD,  iiid 
evaporation. 

FILTRATION. 

Simple  filtration  for  such  refuse  has  never  been  attended  with  satisfactory  results.  Nearly 
one-hulf  of  the  solid  matter  being  in  solution,  mere  straining  can  not  produce  satisfactor}: 
purification.  Bacterial  fihers  manipulated  with  special  caro  and  unusual  precautionary 
mea.su res  on  an  experimental  scale  have  given  an  effluent  which  does  not  produce  appreciable 
pollution,  but  the  tt»ndency  of  distillery  slop  to  sour  by  rapid  growth  of  acid  fennents 
makes  such  a  method  of  disposal  extremely  difficult.  Naylor  describes  a  method  of  bacterial 
tn»atment  which  depends  upon  the  principle  that — 

tho  iicti  vity  of  one  micro-orgaiiism  is  arrested  by  tho  introduction  of  modia  suitable  for  the  rapid  deTe^ 
opincntofothorcompctitlvofomis.  ♦  ♦  ♦  Putridsowage,  or  sewage  sludge,  is  introducod.  the actjw 
anaorobic  organisms  in  which  come  into  competition  with  the  acid-producing  l>acteria,  and  in  n  ^ort 
linir  (ho  net  ion  of  tho  hitttTcoast\s;  mon>ovor,  the  ammonia  and  other  unstable  compounds  in  the  «*mp 
ncutruli/o  the  acids  if  already  pre84Mit,  the  resulting  putrid  liquid  lx)coming  quite  amenable  to  trostinrtit 
on  hacterial  filters.  Tho  trmtinont  as  a  whole  is  similar  to  septic  treatment,  but  tho  "septic"  tank  Is  in 
this  casti  not  uso<l  for  the  purpos<!  of  liquefying  sludge,  but  for  that  of  rendering  Inert  the  acid-forming 
organisms.    It  is  thon'foro  Ix'ttor  doscrilK«d  as  an  antisouring  tank.o 

Experimental  tests  were  made  upon  a  small  quantity  of  crude  sour  "pot  ale,**  or  slop, 
which  wjus  neutralized  with  lime,  passed  through  a  tank  containing  sewage,  and  then  sub- 
jected to  bacterial  filtration.  A  dtH*rease  of  96.5  per  cent  in  free  ammonia,  88.3  per  cent  in 
albuminoid  anunonia,  1(>.7  per  cent  in  mineral  solids,  and  97  per  cent  in  volatile  solids  was 
thus  effected.  ^  This  may  l)c  considered  a  substantial  purification.  Naylor's  method  was 
applied  with  success  to  the  waste  from  the  brewery  of  the  Hook  Norton  Brewery  Company, 
IKH>k  Norton,  Banbur\',  England,  and  plants  of  similar  character  have  been  installed  at 
several  breweries  in  England,  not,  however,  with  universal  success.  The  failure  of  such  a 
process  at  the  Old  Brewcr>%  Rothingham,  resulted  in  experimentation  on  a  large  scale  by 
II.  McLean  Wilson  for  a  Ix'tter  method  of  treatment.  He  was  able  to  secure  a  satisfactory 
efiluent  at  this  brewer^'  only  under  the  following  process:  (a)  Yeast  was  excluded ;  (6)  milk  of 
Unie  in  quantity  ecjual  to  45  grains  per  gallon  of  lime  (643  parts  per  million)  was  added  to 
produce  a  neutral  liciuor;  (r)  ^hulj^e  was  removed  at  frequent  intervals;  (d)  the  supernatant 
from  anti-acid  tanks  was  passt'd  through  double-contact  ash  filters;  (e)  ash-filter  cflluent  was 
treated  in  a  coke  sprinkler  in  intermittent  doses  every  five  minutes  for  eight  hours,  amount- 
ing to  140  gallons  p(»r  square  yard  per  day;  (p  efiluent  from  coke  sprinkler  was  strained 
through  sand.  This  prtMcss  resulted  in  purification  of  96  per  cent  as  measured  by  albu- 
minoid ammonia,  or  93  percent  as  measured  by  oxygen  al>sorl)ed  in  four  hours  at  80®  F.  c 

Br(»wen'  liquors  are  of  the  same  general  character  as  distillery  slops,  though  more  dilute. 
It  is  probable,  therefore,  that  the  succ  ssful  treatment  of  distillery  liquors  by  such  means  as 
those  described  re(|uin's  merely  their  adaptation  to  local  conditions. 

James  Ilendrick,  in  transactions  of  the  Al)erdeen  congress,  1900,  describes  experiment* 
with  distillery  refu.se  upon  contact  beds  without  pn»Hminary  treatment.  The  purificatk>n 
as  measured  by  albuminoid  atiimonia  and  by  oxygen  absorlx^d  in  four  hours  at  80®  F., 
respectively,  was  jvs  follows:  Sinen  contacts,  5  with  coke  followed  by  2  with  sand,  98.9 
and  98.7  per  cent;  first  .six  contacts,  97  and  98  per  cent;  first  five,  96.4  and  97.9  percent; 
first  four,  89  and  95  per  cent ;  first  three,  73  and  65  per  c(»nt;  first  two,  40  and  61  per  cent: 
first  contact,  20  and  23  per  cent.  The  last  four  efiluents  contained  nitrates,  as  did  the 
effiuent  obtained  by  Wilson  in  the  brewery  experiments.  • 


a  Naylor,  W.,  Trades  Waste,  1902.  p.  153. 
6  Naylor,  op.  clt.,  p.  153. 
e Wilson,  11.  McLean,  Jour.  Uoyal  Sanitary  Inst.,  vol.  25.  pt.  3,  p.  574  et  seq. 
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The  results  of  these  English  experiments,  while  indicating  the  practicability  of  bacterial 
6ltration,  with  or  without  preliminary  treatment,  as  a  means  of  purifying  such  waste  liquors 
as  are  produced  by  breweries  and  distilleries,  demonstrate  clearly  that  such  a  method  of 
purification  is  very  difficult  and  requires  an  extensive  and  costly  plant  and  constant,  intelli- 
gent supervision.  The  sludge  produced  in  antisouring  tanks  is  considerable  and  has  but 
little  actual  value  as  a  manurial  compost.  It  may  readily  be  the  cause  of  a  nuisance  if  not 
frequently  ren^oved  and  so  disposed  that  its  offensive  odor  shall  not  be  objectionable. 

Above  all  other  objections  to  bacterial  filtration  of  these  wastes  is  the  primary  fact  that 
this  method  is  one  of  destruction  and  precludes  the  possibility  of  the  recovery  of  any  valuable 
by-products  which  they  may  contain.  Distillery  slop,  as  is  well  known,  has  appreciable 
value  as  a  compost  and  a  much  greater  intrinsic  worth  as  an  animal  food.  The  high  dilution 
of  the  valuable  material  and  the  fact  that  it  is  largely  in  solution  prevent  its  more  general  use 
in  either  or  both  of  the  ways  mentioned.  The  food  or  manurial  value  of  the  slop  depends 
upon  its  content  of  organic  matters,  chief  among  which  are  the  valuable  compounds  of 
nitrogen  grouped  under  the  term  protein.  The  same  matters  form  the  element  of  nuisance 
in  stream  pollution  by  putrefaction  after  they  enter  bodies  of  water  not  relatively  very  large. 
Treatment  in  bacterial  filters  depends  for  its  success  upon  the  action  of  the  bacteria-laden 
filtering  medium  upon  the  same  constituents.  In  such  treatment,  however,  the  valuable 
material  is  regarded  merely  as  an  element  to  be  destroyed  as  such,  and  is  changed  into 
gaseous,  mineral,  or  stable  organic  compounds.  This  treatment  is  regarded  as  successful 
only  in  proportion  as  the  food  or  manurial  value  of  the  orgafiic  carbon  and  nitrogen  is 
destroyed.  It  is  effective  as  a  preventive  of  stream  pollution  only  in  so  far  as  it  renders 
devoid  of  value  a  product  which  with  proper  treatment  may  be  made  a  source  of  consider- 
able revenue.  It  follows  that  such  a  system  must  necessarily  be  a  source  of  constant  exf  ensc 
for  which  no  direct  monetary  return  can  be  expected.  It  is  therefore  a  method  of  treat- 
ment to  be  employed  only  when  more  economic  purification  can  not  be  accomplished.  This 
being  the  case,  and  thb  field  having  already  been  well  exploited  in  England,  no  experiments 
in  filtration  were  made  in  connection  with  the  investigation  at  Lynchburg. 

PRECIPITATION. 

Oiemical  precipitation  as  applied  to  distillery  refuse  is,  in  principle,  a  purification  system 
of  doubtful  efficiency  and  economy.  In  practice,  so  far  as  known,  it  has  never  proved  even 
fairly  satisfactory  in  either  particular.  In  his  experiments  upon  brewery  waste  at  the 
Old  Brewery,  Rothingham,  Wilson  tried  lime,  copperas,  manganate  of  soda,  and  alumino- 
ferric  in  various  amounts  and  with  varied  combinations.  As  compared  to  lime  alone,  the 
use  of  the  other  precipitanta  served  to  hasten  deposition  of  the  precipitate,  but  made  no 
practical  difference  in  the  effluent,  a  In  every  case  the  supernatant  was  unfit  to  discharge 
into  a  stream  because  of  the  failure  of  the  precipitants  to  throw  out  of  solution  the  large  pro- 
portion of  organic  matter  it  held.  In  other  words,  the  effect  was  similar  to  that  of  mechanical 
filtration  or  straining.  These  experiments  show  the  futility  of  attempts  to  purify  brewery  or 
distillery  wastes  by  means  of  the  precipitants  in  common  use.  To  be  cfliieient  as  a  means  of 
purifying  such  liquors  the  precipitation  must  be  carried  on  by  means  of  a  substance  that  will 
throw  the  oiganic  matter  out  of  solution.  Even  were  such  a  substance  known,  the  problem 
of  disposing  of  tons  of  sludge  daily  would  be  left  for  solution.  In  the  interests  of  economy 
the  initial  cost  of  the  precipitant  should  be  a  minimum  and  its  composition  5<hould  be  such 
that  the  sludge  produced  will  have  a  maximum  value.  The  solids  of  distillerj'  slop  have 
value  either  as  fertilizer  or  as  food  stuff  for  stock,  and  in  order  to  make  the  value  of  the  sludge 
greatest  the  precipitant  should  also  have  one  of  these  values,  preferably  the  latter,  since  in 
that  lies  the  greater  value  of  the  refuse.  It  is  evident  that  the  greatest  economy  might  be 
secured  by  a  high-priced  precipitant  that  would  produce  a  more  valuable  sludge.  It  is  really 
the  difference  between  the  cost  of  precipitant  and  value  of  sludge  that  should  be  taken  as  a 
criterion  of  the  economy  of  the  process. 

o  Jour.  Royal  Sanitary  Inst.,  vol.  25,  pt.  3,  p.  574. 
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18  STREAM   POLLUTION    BY    DISTILLERY    REFUSE. 

A  successful—  i.  e.,  economical  and  efficient — purification  of  distillery  refuse  by  chemial 
precipitation  must  therefore  be  accomplished  by  means  of  some  substance  as  yet  unknoro 
that  will  precipitate  the  organic  matter  in  solution  as  well  as  the  suspended  matter,  and  that 
slmll  itself  be  a  suitable  constituent  of  a  fertilizer  or  a  food  stuff.  Experimentation  along 
the  line  of  chemical  precipitation  should  therefore  include  primarily  a  search  for  such  a  prt  | 
cipitant.  In  view  of  the  manifest  difficulties  attending  sucli  experimentation,  the  impmb- 
ability  of  success,  and  the  success  attending  research  in  other  lines,  no  attempt  was  made  to 
exploit  this  method  of  purification. 

FERMENTATION. 

It  might  be  inferred  from  the  rapid  souring  of  distillery  slops  by  secondary  fermentation5 
that  these  could  Ix*  utilized  in  the  disposal  of  the  slop  by  the  production  of  lactic  or  acriir 
acids  or  some  other  resultant  of  fermentation.  Such  use  has  been  made  of  brt»wery  liquors 
for  the  preparation  of  malt  viuegar.a  Objections  would  be  the  great  storage  area  requin^; 
the  impurity  of  the  product,  several  different  fermentations  being  active;  the  great  dilution 
of  a  product  so  obtained;  the  general  low  market  price  of  products  that  could  probabh 
be  so  obtained,  and  the  residual  sludge  from  such  a  process,  composed  of  matters  otherwise 
valuable  as  a  foodstuff,  but  rendered  usi  less  for  such  purpose  by  the  fermentation  process. 

Here  also  the  probabilities  of  success  lying  rather  with  another  process,  this  me^ns  (i 
disposal  was  abandoned  without  experimentation. 

EVAPORATION. 

The  increased  efficiency  of  modem  evaporating  apparatus  suggested  the  possibility  c»f 
conserving  all  the  valuable  food  material  of  the  slop  by  evaporation.  This  process  pa^ 
sesse.s  intrinsic  merit  al>sent  in  the  other  methods  of  disposal  considered.  The  prodm-ls 
of  an  evaporator  would  l>e:-(a)  A  distillate  of  nearly  pure  water,  inc-apable  of  polluting 
the  stream  and  probably  more  valuable  than  the  water  of  a  natural  supply  for  use  in  tlv 
distillery  processes;  {h)  the  solid  matter  of  the  slop, practically  unchanged  in  composition 
The  basic  principle  of  this  method  is  practically  ideal.  Nearly  perfect  purification  is  attained 
by  the  conservation  of  the  valuable  material  in  the  refuse.  As  the  theory  of  this  method 
of  disposal  was  extremely  attractive,  and  as  a  rough  estimate  of  costs  and  values  indicated 
large  economic  possibilities,  it  was  investigated  in  detail. 

AMOl^NT   OF    SLOPS   AND   RECOVERABLE    SOLID  MATTER. 

Table  G  shows  the  quantity  of  slops,  both  for  rye  and  com  distillation,  dischaiged  at 
the  brewery  at  Lynchburg,  arranged  by  daily  discharge  and  by  dischai^  per  bushel  of  grain 
niivshed.  The  figures  given  represent,  it  is  believed,  within  about  5  per  cent  the  actual 
conditions  and  are  thcR'fore  sufficiently  accurate  to  be  used  as  a  basis  of  costs  and  values 
in  estimating  the  economic  p<)ssibilities  of  any  dis{K>sal  system. 

oKolle'r,  The  Utilization  of  Waste  I'roUucts,  p.  20. 
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Table  6.  -Daily  discharge  of  slops  at  Lynchburg  distillery. 


Soarcc. 


I  j 

I    .         .       i    Total  discharge. 
I  Slop  (des- 
ignation). ' .    


Gallons.    Pounds. 


Dirret  from  still Corn  1 

Tlirough  strainer Corn  la... 

To  screen Corn  II)... 

Through  screen Com  2 

Ovor  serpen Corn  3 

Vul  supernatant Com  4 

Vat  slu*Jgc Com  5 

From  prt»ses .' Corn  6 

I'ressed  fved Corn  7 

Dried  f<*d Corn  8 

To  scnx'n Rye  1 

Through  screen Rye  2 

Over  screen Rye  3 

Vat  supernatant Rye  4 

Vftt  sludge Rye  5 

From  presses I  Rye  6 

Pressed  feed Rye  7 

Dried  feed Rye  8 


r,ooo  I 

16,300  ' 
60,700  I 
37,300  ' 
23,400  I 
7,300  , 
30,000 
19,500 


61,500 
44,900 
lG,r)00 
14,900 
30,000 
13,000 


Dischanre  per 

bushel  of  grain 

mashed. 


Gallons.    Pounds. 


651,600 

136,900  I 

514,700  ' 

314,700  I 

200,000  I 

60,700  I 

254,000 

163,300  I 

36,700  ' 

17,500 

542,200 

380,300 

143,900 

125,200 

255,100 

109,300 

34,t)00 

ll,(i«0 


44.0 
9.3 
34.7 
21.3 
13.4 
4.2 
17.1 
11.1 


44.2 
32.3 
11.9 
10.7 
21.6 
9.3 


372 

78 
294 
180 
114 

35 
145 

93 

21 

10 
377 
273 
103 

90 
183 

79 

25 
8.3 


^Vs  a  ineaiw  of  estimating  the  amount  of  recxiverable  foodstuffs  in  the  slop,  hourly  com- 
pfjsite  samples  n»prcsenting  the  entire  working  day  were  taken.  Selected  samples  of  the 
pre?«nt  slop  product  after  screening,  after  pressing,  and  after  the  final  drying  were  also  taken 
for  purposes  of  comparison  and  computation.  Partial  analyses  of  these  samples  were 
made  in  the  laboratory  of  the  Ohio  State  board  of  health,  at  Columbus,  the  results  of  which 
are  shown  in  table  7. 

The  evaporation  was  effected  by  means  of  a  water  bath.  A  preliminary  drying  was  given 
at  100°  C.  and  a  final  drying  at  about  135°  C.  The  figures  show,  therefore,  values  some- 
what less  than  would  be  obtained  by  an  accurate  determination  of  solids  under  more  favor- 
able conditions.  They  wiU  approximate  very  nearly,  however,  the  true  values  for  solid 
matter  recoverable  by  evaporation. 

In  table  8  the  proportional  composition  of  the  solid  matter  is  shown,  this  having  been 
prepared  from  table  7. 

Tlfc  amount  of  recoverable  matter  is  shown  in  pounds  per  day  in  table  9,  and  in  pounds 
per  bushel  of  grain  mashed  in  table  10. 
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Table  7. — Recoverable  solid  matter  in  classified  distillery  dops. 


Source. 


Slop 
(desig- 
nation). 


Sam- 
j)lc  I 
No. 


Vola 
tile. 


Dissolved.         I         Suspended. 
Fixed.  Total.^j^^*'  FUed.  Total. 


Total. 


Toscreeno Corn  11».       39  i  19.5 


Through  screen  • Corn  2..' 

O  ver  screen  *> Com  3.  . 

From  presses  a Com  6.  .' 

Pressetl  feed  6 Com?..* 

DritHlft^ft Corns..' 

To  screen  a Kyc  1 . . . 

Through  screen  « Rye  2...! 

Over  screen  *» Rye  3...' 

Vat  supernatant  o ,  Rye4...i 

From  presses  a Rye  (i. .  ' 

Tre^ssed  f<*ed  *» Ryo  7 . , , ' 

Dried  ft>od«> Rve8...l 

I      '  I 

a  (3 rams  per  liter. 


40  I  19.9 

42| 

41  ' 

43! 
44  1 

34  I 

35  I 
I 

37 

32I 

33  i 
38, 

36  I 


2.1  j    21.6     24.9  I 

2.2  '    22.1      10.3 


10.5 


18.9 

": 

21.1 

1.3  1 

Tr. 

1.3 

' 1 1 * 

19.8 
18.3 

1.8 

21.7 
20.1 

37.4 
11.9 

.3 

.2 

27.7 
12.1 

18.2 
19.9 

1.8  1 
1.9 

20.0 
21.8 

.1  1 
1.4 

Tr. 
Tr. 

.1 
1.4 

..    .'---     -          ---1     --- 

1 

1 

VoU- 
tile, 

44.4 

30.2 
94.7 
20.2 
426.4 
917.3 
47.2 
30.2 
89.6  . 
18.3  , 
21.3  I 
307.3  I 
851.2 


Flxwl.  Toul 


I 


2.6 
2.4 
3.1 
2.2 


2.0  I 
2.8' 
1.8 
1.9 
5.1 
17.7 


Si  • 
r  * 
r  4 

433  •> 
4»4 

c: 

92  4 

T.  1 


f>  Grams  per  Idle. 


Tablk  8. — Proportional  composition  of  recoverable  solid  matter  in  classified  distillery  ^/tf^ 
[Per  cent  of  total  solid  matter.] 


Source. 


,      Slop 
I    (dosig- 
I  nation). 


Sara- 

£';.  vol: 


Dissolved. 


Suspended. 


Total. 


tile. 


Fixed.  Total. 


tile. 


To  screen I  Corn  lb. 

Through  screen I  Corn  2.  .1 


Over  screen 

From  presses 

Pn'ss<«<|  f«t»d 

Drit»ti  fiHMl 

Tr)  scrwn 

Through  scret'n.. 

Over  scre<'n 

Vat  supernatant. 


Corn  3.  .| 
Corn  6.  .1 
Com  7. .: 
Com  8. . 
Ryrl...l 
Rye  2...' 
Rye  3...! 
Rye  4... I 


From  presses j  Rye  6 


Pn'.ssc*!  UhM 
Drietl  feed  . . 


Rye  7.. 
Rye  8.. 


39 
40 
42 
41 
43 
44 
34 
35 
37 
32 
33 
38 
36 


41.5  I 
61.0  1 


4.5  I 
6.7  I 


46.0  1  53.0 
67.7  j  31.6 


84.4  ,      9.8      94.2       5.8 


49.1  I 

56.8  I 


3.8 
5.6  , 


43.9  ; 
62.4  1 


55.5 
37.0 


Fixed. 


1.0 
.7 


Tr. 


90.5  , 

85.8  , 


9.0, 

8.2 


99.5  I 
94.0  I 


.5 
6.0 


Tr. 
Tr. 


Total. 


54.0  , 
32.3  I 


5.8 


37.0 


.5 
6.0 


Vola- 
tile. 

94.5 
9^.6 
96.8 
90.2 
98.3 
98.2 
95.6 
93.8 
97.0 
91.0 
91.8 
96.4 
96.0 


I 


Fixed.  7 nit 

5.5  1.1 

7.4  : 

3.2  n 

9.8  V 

1.7!  > 

1.8  ,  M 

4.4  1" 

6.2  1' 

3.0  I'l 
9.0 

8.2  ." 

1.6  !" 
2.0  1  11 


Tablk  9.  —Weighty  in  pounds,  of  solid  matter  discharged  daily  in  dasgified  distillery  Aoff 


Slop 

(dc      - 


Dissolved. 


Suspended. 


nal'ion).    "^^^I^;  jpLxed.!  Total.     \;;Jf-  'Fixed. 


To  screen I  Corn  11> 

Through  .scnvn Corn  2.. 

Over  screen Corn  3.. 

From  prcs.ses Corn  6.. 

Pressed  ioinX '  Corn  7.. 

Dried  fci-d I  Corn  8.. 

To  scrtvn |  Rye  1 . . 

Through  scrcH'n ,  Rye  2. . 

Over  screen Rye  3.. 

From  pn's.*<es I  Rye  6.. 

Pressed  fw-d 1  Rye  7.. 

Driedfeed Rye8.. 


12,350  ■ 
6/200  , 


1,350 
700 


13,700 
6,900 


15,800 
3,200 


300 
100 


3,150  ,      350  !    3,500 

I 


200  '     Tr. 


10,200  , 
6,H50  ' 


(»50  : 


11,150 
7,750 


14,100  I 
4,500  I 


150 
50 


2,350  I 


150  ;     Tr. 


Total. 


16,100 
3,300 


200 


14,250 
4,550 


150 


TotAl. 


Vola- 
tUe. 


Fixed.  Tot»^ 


28,150  I  1,650  I 


9,400 
18,950 

3,350 
15,650 
15,550 
24,300 
11,350 
12,900 

2,300 
10,600 
10,500 


800' 
650 
350 
^0  , 
2S0 
1,100 
750 
400 
300 
200 

aool 


29.  «t 

lO.SP 

3,:» 

15,«» 

13.J0D 
2,5* 
10,  <» 
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Table  10. — Weight,  in  pounds,  of  solid  matter  discharged  daUy  in  Cassified  distillery  slop 

per  bushd  of  grain  mashed. 


Slop 
(desig- 
nation). 

Dissolved. 

Saspeiided. 

Total. 

Source. 

Vola- 
tile. 

7.06 
3.54 

Fixed. 

0.77 
.40 

Total. 

7.83 
3.94 

Vola- 
tUe. 

Fixed. 

0.17 
.06 

Total. 

9.20 
1.89 

Vola- 
tile. 

16.09 
6.37 

10.83 
1.91 
8.94 
8.89 

17.46 
8.16 
9.27 
1.66 
7.61 
7.54 

Fixed.  Total. 

To  serpen 

Com  lb. 
Com  2... 
Com  3... 

9.03 
1.83 

0.94        17.03 

Through  screen 

Over  screen 

.46 
.37 
.20 
.14 
.14 
.79 
.54 
.28 
.14 
.14 

6.83 
11.20 

From  presses 

Pressed  feed 

Com  6... 
Cora  7... 

1.80 

.20 

2.00 

.11 

Tr. 

.11 

2.11 
9.08 

Drii'dfoed 

Com  8... 

9.03 

To  screen 

Ryel... 
Rye  2... 
Rye  3... 

7.33 
4.92 

.68 
.60 

8.01 
5.42 

10.13 
3.23 

.11 
.04 

10.30 
3.27 

18.25 

Through  screen 

Over  screen 

8.69 
9.55 

From  presses 

Pressed  feed 

Rye  6... 
Rye  7... 

1.65 

.14 

1.60 

.11 

Tr. 

.11 

1.80 
7.75 

Dried  feed 

Rye  8... 

.14          7.fi8 

From  table  9  we  find  the  total  solid  matter  available  each  day  on  com  distillation  to  be 
29,800  pounds  (com  lb),  less  3,700  pounds  (com  6,  used  over  in  fermenting  vats),  or  26,100 
pounds.  Of  this  amount,  15,800  pounds  (com  8)  was  formerly  recovered,  leaving  a  total 
of  10300  pounds  run  into  the  stream  or  fed  to  cattle.  Possibly  100  pounds  were  wasted 
under  the  old  recovery  system.  If,  therefore,  we  deduct  300  pounds  as  waste  under  the 
extended  system,  we  have  provided  a  wide  margin  of  safety  and  stiU  have  an  increased 
product  of  5  tons  a  day,  or  a  total  product  of  12.9  tons  a  day. 

For  rye,  none  of  the  slop  being  used  over,  a  proportionally  larger  product  is  obtainable. 
Deducting  the  10,700  pounds  (rye  8),  recovered  by  the  old  method  from  the  total  of  25,400 
pounds  (rye  1),  and  allowing,  as  in  the  case  of  com,  300  pounds  for  waste,  we  have  an 
increased  product  of  14,400  pounds  (7.2  tons),  or  a  total  product  of  12.55  tons  of  dry  solids. 

METHOD  OP  EVAPORATION. 

The  first  question  arising  which  will  affect  the  mode  of  procedure  is  in  relation  to  the  point 
of  application  of  the  evaporation  prwcss.  What  slops  shall  be  evaporated?  The  stream 
pollution  is  caused  chiefly  by  the  wa-ste  each  day  of  some  10,000  to  15,000  gaUons  of  a  fairly 
thin  slop,  the  supematant  from  the  settling  vats  and  the  waste  hquor  from  the  rectifier. 
The  remainder  is  now  recovered  or  fed  to  cattle.  Will  it  be  more  profitable  to  evaporate 
only  those  liquors  that  cause  pollution  or  to  apply  the  process  to  the  entire  slop  output 
of  the  distillery?  This  question  involves  the  abandonment  of  the  cattle-fattening  industry. 
It  is  generally  conceded  that  this  industry  is  financially  precarious,  being  valuable  chiefly 
as  a  means  of  disposing  of  slops.  In  some  years  it  produces  substantial  profits;  in  others 
there  are  equally  great  losses.  The  cattle  must  be  herded  together  in  sheds,  where  the 
spread  of  communicable  diseases  is  rapid.  There  is  always  great  danger  of  loss  by  fire. 
Fluctuation  in  the  market  value  of  stock  is  another  element  of  uncertainty.  Although 
the  business  averages  a  small  profit,  few  distillers  would  not  be  glad  to  exchange  it  for 
any  other  method  of  slop  disposal  that  would  not  be  a  continued  source  of  financial  Kxss. 
Another  objection  to  the  cattle  business  i»  the  great  accumulation  of  manure,  which  from 
slop  feeding  is  copious  and  in  a  semifluid  condition.  Great  quantities  are  hauled  away 
by  farmers,  but  there  is  generally  a  remainder  to  cause  a  nuisance  on  the  spot  or  to  Ik* 
run  into  the  stream  with  the  thin  .slops.  From  these  considerations  and  the  knowledge 
that  the  cost  of  evaporation  is  proportionally  less  with  greater  quantities,  it  is  obvious  that 
cattle  fattening  can  well  be  abandoned  if  any  part  of  the  slop  is  to  be  utilized  by 
evaporation. 

Suspended  matter  will  retard  evaporation,  causing  a  higher  temperature  for  vaporization, 
forming  scum,  and  having  a  tendency  to  udliere  to  the  heating  surface.     In  laboratory  test^ 
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in  glass  and  iron  dishes  much  difficulty  was  caused  by  the  burning  of  adherii^  particles  m 
the  evaporation  of  slops  containing  considerable  suspended  matter.  Filtered  samples  or 
thin  slops,  such  as  those  coming  from  the  filter  presses  (com  6  and  rye  6),  could  be  conceD- 
trated  to  contain  only  50  per  cent  of  moisture  without  serious  difficulty.  Tests  on  speed  '4 
evaporation  of  rye  slops,  the  most  difficuH  to  treat  because  of  the  slimy  nature  of  the  liquid, 
showed  an  inappreciable  difference  between  the  speed  of  evaporation  of  the  first  half  trf 
equal  volumes  of  distilled  water  and  slop  rye  4,  the  vat  supernatant  containing  100  parts  per 
million  of  suspended  matter.  Rye  6,  slop  from  presses  containing  1 ,400  parts  per  million  (J 
suspended  matter,  was  somewhat  slower.  A  comparison  of  rye  6  (slop  from  presses),  rre  2 
(slop  passing  through  screen),  and  lye  1  (slop  before  passing  screen)  showed  that  the  volum*^ 
evaporated  in  a  given  time  were  approximately  in  the  ratio  6: 2:1 .  The  su^)ended  solids  in 
t hese  slops  are  approximately  in  the  ratio  0.05: 44 : 1 .  Although  these  experiments  were  no( 
conducted  with  sufficient  care  to  warrant  great  dependence  upon  numerical  relations  that 
might  be  deduced  from  them,  they  prove  that  the  suspended  matter  seriously  interferes  with 
evaporation ;  that  previous  to  evaporation  the  slop  should  be  more  thoroughly  screened  than 
at  present;  and  that  the  screening  should  be  at  least  as  thorough  as  that  effected  by  the  filter 
presses. 

In  the  conduct  of  an  evaporation  system,  therefore,  the  first  process  should  consist  of  pass- 
ing slops  rye  1  and  com  1  over  a  series  of  rotary  or  oscillating  brass  or  copper  screens.  The 
screens  should  l>e  designed  to  separate  the  slops  into  a  thin  liquid  containing  about  2.15  per 
cent  of  dLss*)Ived  and  0.1  per  cent  of  suspended  solids  and  a  thick,  pulpy  mass  containinf; 
alK)ut  2. 15  per  cent  of  dissolved  and  10  per  cent  of  suspended  solids. 

PI.  I  gives  a  view  of  an  approved  type  of  machine  designed  to  filter-press  distiller's  slop. 
This  machine  Is  composed  of  93  plates  (one  of  which  is  shown  in  the  foreground),  which  rest 
upon  the  iron  frame  of  the  press.  .\ny  two  adjoining  plates  are  separated  by  a  filtering 
medium  (a  fine  brass  screen  or  piece  of  stout  cloth)  and  form  a  filter.  The  substance  to  be 
filtered  is  introduced  through  the  opening  in  the  center  and  is  foreed  outward  toward  the 
perimeter.  The  clear  liquid  passes  through  the  filtering  medium  and  is  drained  off,  while  the 
suspended  matter  is  retained  between  the  plates. 

It  will  be  observed  in  the  illustration  that  the  machine  is  arranged  in  three  sections.  The 
substance  to  be  filtered  is  introduced  at  the  left  end  of  each  section  and  is  distributed  to  the 
various  plat  cs  by  a  sort  of  screw  conveyor  operating  in  the  central  aperture.  It  is  customary 
to  force  the  material  into  the  machine  at  a  pressure  of  150  to  200  pounds  to  the  square  inch. 
When  the  machine  is  filled  in  this  manner,  a  further  pressure  is  used  to  foree  the  plates  (which 
have  l)een  up  to  this  time  slightly  separated)  closer  together  and  thus  to  reduce  stiU  further 
the  moisture  retained  in  the  coarse  material  between  the  plates.  This  pressure  is  variously 
applied.  In  the  illustration  the  hydraulic  piston  shown  on  the  right  is  used  for  this  purpose. 
A  very  high  pressure  is  thus  attained  with  consequent  high  efficiency  in  drying  the  suspended 
matter  retained  in  the  filter. 

The  moisture  having  been  reduced  as  far  as  possible,  the  plates  are  separated,  the  caked 
material  within  is  removed,  and  the  machine  is  prepared  for  a  new  charge. 

From  this  process  two  products  are  obtained:  First,  a  thin  slop  of  about  the  same  com- 
I>osition  as  the  thin  slop  from  the  screeas ;  second,  a  damp,  caked  feed,  half  moisture  and  half 
solid  matter.  The  first  of  these  products  should  be  pumped  back  to  join  the  thin  slop  from 
the  screens,  the  s*»cond  should  Ijc  convoyed  to  a  mixer  to  be  joined  by  the  evaporated  slop. 

The  thin  slop  fn)m  the  screens  should  pass  to  a  feed  reservoir  for  the  evaporator,  where  it 
should  be  joined  by  the  thin  slop  from  the  filter  presses  and  the  thin  slop  from  the  rectifier, 
herein  referred  to  as  waste  A.  Waste  A  is  an  irregular  flow  of  small  amount.  On  this 
account  it  Ls  excluded  from  the  calculations.  From  this  reservoir,  in  the  case  of  com  dis- 
tillation, 35,800  gallons  will  be  carried  back  for  use  in  the  fermenters,  this  use  of  slop  as  a 
diluent  in  the  fermentation  process  materially  increasing  the  yield  of  spiritous  liquors. 

We  have  now  reached  that  point  in  the  disposal  system  where  evaporation  becomes 
necessary  as  a  means  of  separating  the  water  from  the  dissolved  solid  matter  in  the  dilute 
slop  liquors  which  are  practically  free  from  suspended  matter.     For  this  process  vacuum 
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multiple-effect  machines,  of  types  siicli  as  the  Yaryan  or  Chapman,  are  eminently  siiitahle. 
Tlie  principles  involved  are  primarily:  (1)  That  the  temperature  at  which  a  liquid  will  vapor- 
iz*-  is  decreased  by  decrease  of  pressure  within  the  vessel  containing  it;  and  (2)  after  the 
temperature  of  a  liquid  has  been  raised  to  the  point  of  vaporization  an  additional  supply  of 
heat  is  required  to  vaporize  it,  which  supply  of  heat  increases  with  decrease  in  tempera- 
ture and  will  be  given  off  when  the  vapor  is  condensed  to  a  liquid. 

Yaryan's  triple-effect  vacuum  evaporator  (fig.  3)  may  Ix^  taken  as  a  type  of  this  class  of 
macKines,  the  general  principles  of  operation  being  alike  in  all.     This  machine  consists 
essentially  of  three  cylindrical  chambers  or  "effects,"  in  each  of  which  is  a  st^ies  of  coils  of 
small  tubing.     Each  effect  is  also  provided  with  a  separator  to  free  the  concentrated  liquor 
from  the  vapor  l)efore  it  leaves  the 
effect.     A  vacuum  pump  draws  the 
vapor  from  the  last  effect  and  thus 
automatically   regulates    the   pres- 
sures in  the  various  effects.      The 
operation  is  as  follows:  Steam  is  led 
into    the    cylindrical  chamber   sur- 
rounding the  coils  of  the  first  effect, 
and  the  liquid  to  Ix?  evaporated  is 
introduced  within  the  first  tul)e  of 
these  coils  in  a  small  but  continuous 
stream.      The    surrounding    steam 
immediately  causes  the  liquid  to  boil, 
and  the  steam  thus  generated  caus<»s 
it  to  rush  through  the  heated  coils, 
where  it  becomes   more  and  more 
concentrated  as  it   progreases.     Fi- 
nally, the  mixture   of    liquid    and 
steam  is  discharged    from  the  last 
tube  into  the  separator.    Tlie  concen- 
trated liquor  from  the  separator  of 
the  first  effect  passes  to  the  coils  of 
the  second  effect  for  further  concen- 
tration.   The  vapor  generated  in  the 
first  effect  passes   to  the  chamlxT 
surrounding  the  coils  of  the  second 
effect,  where  it  is   condensed   and 
gives  up  its  latent  heat.     The  same 
operation  takes  place  in  each  suc- 
ceeding effect,  the  vapor  from  the 
final  effect  going  to   the  condenser 
and  vacuum  pump,  a  high  vacuum 
lx?ing   thereby   maintained    in   the 
coils  of  the  final  effect.     This  reduces  the  l>oiling  point  of  the  liquor  in  the  coils  lx*low  that 
of  the  surrounding  steam,  which,  conderLsing,  not  only  gives  up  its  heat  to  the  li(juor  in 
the  tubes,  but  forms  a  vacuum  of  lesser  degree   in  the  next  preceding  effect.     The  rela- 
tive pressure  maintained  in  the  various  elfects  is  automatically  adjusted  to  accomplish  a 
vaporization  of  the  Tujuid  in  each  ofFect,  except  the  first,  by  means  of  the  vupor  generated 
by  its  own  evaporation  in  the  next  preceding  effect.     The  highly  concentrated  liquor  from 
the  final  effect  is  removed  by  a  magma  pump  as  may  Ix' desired. 

Tliis  utilization  of  the  steam  generatc'd  in  evaporation  will  accoinnHsh  in  a  tiiplc-effect 
machine  alx>ut  three  times  as  much  evaporation  with  a  given  amount  of  fuel  tvs  the  ordinnr>' 
"single-effect"  evaporator.  Kadiation  an<l  the  expens<»  of  maintaining  the  low  pressures 
will  of  course  reduce  the  theoretical  economy  of  the  machine.     It  is  claimed,  however,  that 
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tho  Yaryan  evaporators  in  practical  operation,  assuming  that  1  pound  of  ooa]  wiD  Taporiv 
8 J  pounds  of  water,  will  evaporate*  the  following  amounts  of  water  with  1  pound  oi  coal: 
Double  effect,  16  pounds;  triple  effect,  23.5  pounds;  quadruple  effect,  30  pounds;  quintu{^ 
effect,  37  pounds. 

Advantages  of  evaporators  of  this  type  are  rapid  circulation  of  liquid  and  consequpfit 
short  time  exposure  to  heat,  low  temperature  of  evaporation  because  of  vacuum,  and  an 
arrangement  by  which  a  small  quantity  of  liquid  is  exposed  to  an  extensive  heating  sgrfacr 
These  advantages  are  of  considerable  importance  in  dealing  with  distillery  sk^.  the 
organic  compounds  of  which  are  likely  to  be  broken  up  by  high  temperature  and  loo^ 
exposure  to  heat,  so  as  to  impair  possibly  their  food  value.  Within  reasonable  limits,  by  suit- 
able arrangement  of  procures,  the  temperature  of  vaporization  may  ^be  regulated  as 
desired,  and  thus  any  possible  injury  to  recoverable  material  avoided. 

Chief  among  the  disadvantages  are  the  great  cost  of  the  machines  and  their  doabcfu] 
economy  of  operation  in  dealing  with  highly  concentrated  liquors. 

In  connection  with  the  process  of  evaporation  the  matter  of  condensation  of  exhai»t 
steam  must  \ye  considered.  For  the  proposition  in  hand  this  can  be  accomplished  by  about 
3.')0,000  gallons  daily  of  cooling  water  to  be  used  in  connection  with  condensers  of  ordinarr 
type.  At  Lynchburg  this  supply  of  water  can  probably  be  had  at  the  cost  of  pumping  from 
the  adjacent  stream,  though  it  may  be  found  necessary  to  sink  shallow  wells.  As  an 
extreme  measure  in  case  of  limited  water  supply,  cooling  tanks  or  reservoirs  may  be  con- 
structed in  which  the  water,  heated  by  reason  of  its  use  as  a  condensing  agent,  may  regain 
its  normal  temperature,  and  thus  be  made  ready  for  use  again.  By  such  means  an 
initial  supply  of  water  can  be  used  over  and  over,  a  loarf  of  only  2  to  10  per  cent  taking  pla<^ 
daily  through  leakage  and  evaporation.  There  are  in  practical  use  many  types  of  ooolinf: 
towers  in  which  artificial  air  draft  or  natural  radiation  is  utilized  for  reducing  the  tempera- 
ture. Simple  open  reservoirs  are  also  used  for  such  purpose,  but  these  are  generally  consid- 
ered to  bo  less  advantageous  than  specially  constructed  towers. 

Fn>ra  the  evaporation  process,  including  condensation,  we  shall  have  two  products,  ihf 
first  a  magma  or  evaporated  slop  of  2,600  gallons  on  com  and  4,000  gallons  on  rye:  and 
second,  a  distillate  or  condensed  steam,  amounting  to  34,900  gallons  on  com  or  oHjXfi 
gallons  on  rye.  (See  table  11.)  The  distillate,  a  nearly  pure  water,  is  specially  suitabk'  for 
use  in  the  mashing  process,  for  which  it  has  considerably  greater  value  than  a  natural  wat*r. 
It  should  thort^fore  l)e  pumped  to  the  cookers. 

The  magma,  containin  ^  not  more  than  75  per  cent  of  moisture  (manufacturers  of  evapora- 
tors claim  a  reduction  to  .%  per  cent  moisture),  should  be  passed  to  a  tub  and  thoroughly 
mixed  with  the  damp  feed  from  the  filter  presses  preparatory  to  drying.  A  cyUndrical  tub 
with  central  revolving  vertical  shaft  having  horizontal  arms  attached  will  prove  a  satisfac- 
tory mixer. 

In  this  description  of  the  disposal-recovery  process  we  have  now  reached  a  point  where  all 
the  waste  from  a  distillery  has  lx»en  reduced  to  a  pulpy  mass  of  material  suitable  in  compas- 
tion  for  cattle  feed.  It  remains  only  to  prepare  this  for  shipping.  In  the  pulpy  condition. 
although  it  is  well  adapted  for  immediate  feeding,  it  is  not  marketable,  because  of  its  larp 
moisture  content  and  its  liability  to  heat  and  ferment.  To  prepare  it  for  the  market,  il^ 
moisture  content  should  1)0  reduced  to  about  10  percent.  In  tho  present  food-stuff  procc^ 
at  Lynclibui-g  this  is  accomplished  by  passing  the  damp  feed  from  the  filter  presses  through 
a  hot-air  drier,  tho  product  of  the  drier  being  sacked  for  shipment.  With  the  process  wc  arr 
projKKsiiip,  this  troatniont  would  bo  insufficient.  Even  in  the  present  process  considerable 
difliculty  is  oxporioncod  in  tho  caking  of  the  feed  and  consequent  irregular  drying.  When 
it  is  ronsidorod  that  in  tho  proposed  process  the  material  to  be  dried  will  contain  monc 
moisture  and  that  much  of  it  will  be  in  extremely  fine  grains,  it  will  be  obvious  that  this 
difficulty  would  lx»  onorniously  incrcjusod.  It  is  proposed,  therefore,  to  accomplish  the  dnr- 
ing  in  two  stages.  In  tho  first  a  reduction  to  about  20  per  cent  of  moisture  will  be  obtained. 
Tho  nuitorial  should  then  1k»  convoyed  to  a  thra-shor  to  break  up  all  cakes  foraied,  and  finally 
to  a  second  drier  in  which  an  even  drying  to  a  moisture  content  of  10  per  cent  or  1««  may  be 
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accomplished.    The  usual  types  of  hot-air  or  steam  revolving  feed  driers  and  the  ordinary 
feed  thrasher  would  be  suitable  for  this  work. 

A  modem  drier  of  considerable  efficiency  is  shown  in  fig.  4.  It  consists  ess(»ntially  of  a 
cylindrical  steel  shell  provided  on  the  interior  with  longitudinally  placed  shelves.  Near 
each  end  of  the  shell  is  a  steel  tire  which  rests  on  friction  n)ller  wheels.  Those  wheels  are 
rotated  by  gearing  or  chain  belting  and  they  in  turn  rotate  the  shell.  The  drier  as  a  whole 
is  set  on  a  gentle  slope.  Its  operation  is  as  follows:  The  wet  material  is  introduced  at  the 
hitler  end  by  means  of  an  intake  hopper  and  falls  to  the  bottom  of  the  shell.  It  is  then 
caught  by  the  shelves  and  elevated  by  the  rotation  almost  to  the  top  of  the  shell  and  is  then 
showered  to  the  bottom  again.    This  cycle  is  repeated  again  and  again  as  the  material  slowly 


Fig.  4.— American  process  drior. 

travels  to  the  lower  end  on  account  of  the  slope  of  the  machine  and  the  high  draft  created 
by  the  blower.  All  hot  gases  pass  through  the  drier  on  their  way  to  the  chimney,  and  as  the 
material  is  showered  from  top  to  bottom  of  the  shell  it  is  brought  in  direct  contact  with  the 
ggseSf  thus  accomplishing  a  rapid  and  thorough  drying. 

This  drying  process  is  the  final  preparation  for  sacking  and  shipment. 

Table  11  shows  the  probable  amount  of  the  various  slops  and  slop  products  (in  pounds  and 
gallons)  and  the  amount  of  rocovcrahle  solids  therein  (in  pounds),  arningcd  In'  (juantit y  j)cr 
day,  quantity  per  hour,  and  quantity  per  bushel  of  grain  mashed.  The  fi<,'urcs  shown  are 
l>a.sed  upon  measurements  of  quantities  at  the  distillery,  laboratory  experiments,  and  general 
knowledge  of  the  efficiency  and  capacity  of  the  machinery  descrilwd.  Although  these  figures 
are  unsubstantiated  by  practice,  no  such  plant  having  yet  been  placed  in  oj>eration,  it  is 
Ijelieved  that  they  are  fairlj-  accurate  and  .suitable  for  use  in  estinjating  costs  and  values. 
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Tab  .e  11. — Probable  amouni  ofdassified  dops  and  dop  jtrodtui*  and  recoverakU  matUr  vdff 
proposed  system  of  disposal  by  evaporation. 


Source. 


Slops  and  slop  products. 


Gallons. 


Pounds. 


Recoverable  iulid» 
Pounds- 


!      Per 

Per 

Per 

bushel 

day. 

hour. 

of  grain 
1  mashed. 

Com. 

From  still I  77,000  |  7,000 

Over  screen I  19,500  j  1,770 

Through  screen ;  57,500  j  5,230 

Pressed  food ' 

Slop  from  presses i  15,800     1,440 

For  evaporation  o 37,500     3,410 

Evaporated  slop '    2,600        290 

For  first  drier  ft 

For  second  drier ' 

Drie<l  food i 


44.0 
11. 1 
32.9 


Per 
day. 


9.0 

21.4 

1.5 


Distillate  from  evapora-  i 
tor ,  34,900 

Ry€.  1  I 

From  still '  61,500 

Overscreen 13,900  ' 

47,600 


Through  screen 

Pressed  feed 

Slop  from  presses 

For  evaporation  c 

Evaporated  slop 

For  first  drier  f> 

For  second  drier 

DritHl  focd 

Distillate  from  evapora- 
tor  


3,170 


3,420 

770 

2,640 


20.0 


651,600 
171,300 
480,300 
39,000 
132,300 
313,900 
28,400 
67,400 
35,300 
29,000 


10.0 
34.2  ' 


11,400  I 
59,000 
4,000  I 


630 

3,280 

220 


I 


44.2  I  524,200 
124,200 
400,000 
28,800 
95,400 
495,400 
44,000 
72,800 
33,800 
27,500 


8.2 
42.4 
2.9 


I       ! 

55,000     3,060  ' 


39.5 


Per     1  Pw 

Per       bushel  ,  Per        Per      btufcH 

hour,    of  grain  day.     hour,    ofgr-- 

mashed.'  mash' J 


50,200 
15,600 
43,700 
3,500 
12,000 
28,500 
2,600 
6,100 
3,200 
2,600 


274 
22 
76 

179 
16 
38 
20 
17 


29,100 
6,900 

22,200 
1,600 
5,300 

27,500 
2,400 
4,000 
1,880 
1,500 


33,300 
22,500 
10,800  , 
19,500 
3,000  I 
7,100 
7,100 
26,600 
26,500 
26,300 

None. 


3.030 

2,090 

9N0 

1,770  ■ 

270 

650 

650 

2,420 

2.410 

2,390 


II : 

1." 

4  . 

4: 

15  J 


I 


377 


21 
68 
356 
31 
52 


25,400 
16,400  ; 
9,000 
14,400 
2,000 
11,000 
11,000 
25,400 
24  !  25,300 
20     25,100 


'  I 


1,410 

910 

500 

800  ' 

110 

610 

610 

1,410 

K400 

1,390 


I'M 

1.1 


1*: 
1*^ 


None. 


a  Sloj)  through  screen,  from  presses,  and  waste  A,  leas  35,800  gallona. 

*>  Suth  of  pressed  fetnl  and  evaporated  slop. 

«  Slop  through  scn«*n,  from  presses,  and  waste  A. 

As  in  the  present  system  at  Lynchburg,  the  thick  slop  from  the  screens  should  be  filw- 
presscd  to  reduce  the  moisture  content  to  about  50  per  cent. 

COST  OF  PLANT. 

From  the  foregoing  statement  regarding  the  processes  involved  it  will  be  inferred  tin! 
recovery  by  eva,x)ration  involves  the  installation  of  costly  machinery  and  the  erection  o(id 
extensive  plant.  Chief  in  the  list  of  nmchmery  is  the  evaporating  apparatus.  Mtnufa^ 
turers  were  consulted  and  est  iiiiates  secured  on  three  different  machines,  as  follows: 

No.  1.  Capacity,  3,2r)0  gallons  per  hour.  Price,  $21,555.  Triple  effect,  cast  iron  with 
copper  heating  surfaces.  Three  and  four-tenths  pounds  of  steam  required  to  evapontf  I 
gallon.     Space  required,  IG  feet  by  48  feet  by  2(>  feet  in  height. 

No.  2.  Capacity,  3,.t00  gallons  per  hour.  Price,  $31,850.  Quadruple  effect,  cast  in* 
with  bra^s  heating  surfaces.  Two  and  eight-tenths  pounds  of  steam  required  to  evagoritf  1 
gallon.     Space  required,  18  feet  by  24  feet  by  27  feet  in  height. 

No.  3.  Capacity,  4,l.'50  gallons  per  hour.  Price,  $25,000.  Quadruple  effect,  cast  iron 
throughout.    Two  and  eight-tcuths  pounds  of  steam  required  to  evaporate  1  gallon. 
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If  we  assume  that  30  pounds  of  steam  are  equivalent  to  1  horsepower  hour,  that  1  pound  of 
coal  will  produce*  7  pounds  of  steam,  and  that  such  coal  can  be  procured  for  $2  per  ton,  the 
foUowii^  data  for  the  three  machines  are  easily -calculated  from  the  figures  in  table  11 : 

Table  12. — Cost  of  operating  evaporators. 


Numltor. 


Com. 


I 


Rye. 


Pounds 


Hours    I  '  I'lr^i:    ^«st  per      Hours 


po.T  day. 

11— 
10- 

8+ 


day. 

17,000 
14,000 
14,000 


day.       per  day. 


I   Horse- 
— — '    power 
Pounds    ('ostnor   c«P''w'*y 
^„,P^     offmilors 


coal 
per  day. 


day. 


$17.00 
14.00 
14.80 


I 


17-         26,700        $20.70 
Ifr-         22,000  I        22.00  i 
13+         22,000  I        23.25 


I  required. 

327 

387 


Cost  per 
si-ason. 


$3,890 
3,200 
3,. 180 


The  average  number  of  hours  per  day  for  cx)m  distillation  is  11,  for  rye  distillation  IS. 
.Vny  one  of  these  evaporators  would  therefore  answer  the  purpose  .so  far  as  time  is  concerned. 
In  fact,  there  is  little  to  choose  between  them.  In  about  fifteen  years  the  greater  cost  of 
operation  on  No.  1  would  offset  the  greater  first  cx>st  on  No.  2,  while  in  al)out  seven  years  it 
would  offset  the  greater  first  cost  on  No.  3.  To  state  the  compari.son  in  another  way,  the 
additional  capital  invested  in  No.  2  will  pay  7  per  cent  interest  in  decreased  fuel  bill,  while 
the  increased  capital  invested  in  No.  3  would  similarly  pay  15  pc^r  cent  interest.  In  the 
daily  cost  of  operating  No.  3  is  included  <S0  cents  on  conj  and  $1 .25  on  rye  for  lime  to  neut  niliz<^ 
the  acidity  of  the  slop  before  passing  it  into  a  cast-ir<m  machine. 

Other  considerations — such  as  floor  space,  labor,  etc. —also  enter  into  the  problem.  It  is 
not  the  object  of  this  paper  to  choose  the  l>(\st  machine,  and  the  foregoing  di.s<'u.ssion  is 
merely  intended  to  show  that  dilferent  types  of  evaporators  manufactured  by  different 
firms  will  give  results  that  are  al)out  equal  viewed  from  an  economic  .standpoint.  In  the 
e:»timates  which  are  given  later  the  foregoing  have  Ix^en  averaged  approximately,  a  theoret  ical 
machine  costing  $26,000  and  operating  at  a  daily  cost  of  $15.50  for  com  and  $24  for  r\'e 
being  used  as  a  basis  of  calculations. 

Some  additional  expense  would  be  incurred,  including  lK)ilers  of  400  horsepower  capacity, 
costing  about  $2,000:  a  drier,  $5,000;  an  addition  to  the  slop  house,  $2,000,  and  installation, 
'engineering,  and  incidentals  not  to  exceed  $5,0(f).  Th(»se,  it  must  he  understood,  are  addi- 
tions requisite  to  adapt  the  pres<»nt  plant  to  the  manufacture  of  cattle  feed  by  screening, 
filter-pressing,  and  drying,  including  the  evaporation  of  thin  slop  previously  wasted  or  fed  to 
cattle  in  liquid  form. 
The  estimated  cost  of  present  plant  and  additions  is  as  follows: 

Table  IS. —Estimated  cost  of  food-stuff  rt  core  nj  plant  at  LifnchJmrg. 


Old  plant. 


I 


Building $2,000     Huildinp $2,000 

Filter  presses 2,000 

Drier G,(K)0 

Miacdianeous 2,r)00 


Total 12 .000 


Hoilrrs 2,000 

Drirr .'i.OOO 

Kviiponilor. .    2«i.0(M1 

Mi.sct'll.-iiH'oiis .5,(X)0 

Totnl 40,000 


The  costs  of  the  additions  will  apply  to  any  distilbry  with  a  capacity  of  1,750  bush<4s  of 
com  or  1 ,392  bu.shels  of  rye  pt^r  day.  The  total  cost  of  installing  a  new  plant  t  hroughout  wi  11 
bo  .seen  to  be  estimated  at  $52,000. 
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cx>err  of  process. 

The  installation  of  an  evaporating  plant,  with  consequent  increase  in  amount  of  fe^ 
grains,  will  iiK'n^asi*  the  greater  dailv  cost  of  production.  Two  firemen  at  $1.50  per  day  will 
hi*  re<|uirvd  for  the  additional  boilers:  two  men. one  at  $2.50 and  one  at  $1.50,  will  be  required 
for  the  evaporator:  two  additional  men  at  $1..H)  will  be  required  for  pressing  anddryiog: 
two  additional  men  at  SI  .50  for  sacking  and  loading.  For  rye  one-half  should  be  added  to 
the  above,  except  sa<'king  and  Ktading.  because  of  the  extra  hours,  or  for  the  average  dailj 
cost  during  the  season  t>nt*  and  one-eighth  times  the  above  should  be  taken.  Fuel  costs  will 
al««*>  U'  inrrrasi»d.  In  the  following  table  the  seasonal  average  costs  per  day  and  t«t«J  costs 
per  season  are  shown. 

Tabu:  14.-  -Ctixt  of  present  and  proposed  fe^d  grain*. 


Lal>or: 

Evaporation 17 

Dningand  prejwiing 9.87 

Sacking  au<i  loading 8.57 

Fu.I: 

Evaporation 17.38 

Dning and  pn^ssing 10.01 

Tobil '  53.71 


VALUE   OF   PRODfCTS. 

Tlie  value  of  the  pr»Hliirt  depends  of  course  upon  its  quality.  The  present  com  grains 
have  an  average  value  of  $1S.2.5  ]K'r  tr»n,  or  $20.16  per  ton  of  dry  substance.  This  is  ven' 
nearly  at  the  rate  of  2^  rents  per  (Kurnd  of  protein  and  fat,  a  ton  of  dry  substance  at  that  rale 
being  worth  §20.45.  The  pres<^nt  n*e  grains  have  an  average  value  of  $13.25  per  ton,  or 
$14.  U)  per  ton  of  dr^'  substance.  At  2 J  cents  per  pound  of  protein  and  fat  the  value  would 
1k'  $1 4.08  ptT  ton  of  drj-  substance. 

To  find  the  comparative  value  of  the  grains  obtained  by  evaporation  three  rye  and  thire 
corn  grains  were  prepared  and  sent  to  A.  I^a-sch^,  Milwaukee,  Wis.,  for  analysis,  a  number  of 
similar  analyses  made  by  Mr.  Lasch^  being  at  hand  for  comparison.  The  results  of  these 
anulys<\s  appear  in  table  15. 

Proposed  r>'e  grain  No.  1  was  obtained  by  evapjorating  the  slop  rye  1.  It  represents  the 
total  product  which  we  would  expect  under  the  evaporation  scheme.  Proposed  com  grain 
No.  'i  is  a  similar  product  obtained  by  evaporating  slop  com  lb.  It  is  with  these  two  grains 
that  our  estimates  will  Ih'  concerned. 

The  other  proposed  grains  were  prepared  with  a  view  to  maintaining  the  present  grains  as, 
they  are  and  making  separate  grains  of  the  product  of  the  evaporator.  In  preparing  pro- 
p<).s<'(l  rye  grain  No.  2  thin  r>^e  slops  were  evaporated  to  a  simp,  the  exceas  moisture  being 
taken  up  with  finely  chopped  \»heat  stniw  in  the  ratio  of  0.37  part  of  straw  to  1  part  of  dr\ 
.substance  in  slop.  Propos<»d  r\'e  grain  No.  3  is  merely  the  fine  material  of  No.  2  after  passing 
through  a  sieve.  Proposed  com  grain  No.  2  was  prepan^d  in  the  same  manner  as  the  simi- 
larly numl)ere<l  rye  grain,  the  ratio  of  straw  to  evajxirated  dry  suKstance  being  0.73  to  1. 
Pro|M)s<'(l  corn  grain  No.  1  was  prepared  by  evaporating  thin  com  slops  to  a  simp,  taking  up 
the  excess  moist  un*  with  damp  feed  from  the  filter  pre.sse.s,  and  drying.  The  ratio  of  dry  sulh 
stanee  in  sirup  to  dry  sub.stance  in  damp  feed  was  1  to  1.  The  values  of  these  grains,  a** 
shown  at  the  l)ottom  of  table  15,  indicate  that  such  a  method  of  preparing  grains  is  feasible 
and  would  be  attended  with  profit. 
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Table  15. — Percentage  composition  of  cattle-feed  grains. 


Present 

rye 

gram, 

average 

of  three 

analyses. 

Pro- 
posed 

rye 
grain 
No.  1. 

Pro- 
posed 

rye 
grain 
No.  2. 

10.00 
16.62 
7.70 
45.38 

P"^^*^        graiS.         P"'^-^ 
^y^       ,  average        ^'*''" 

N«-3'      anttly.so.s.     ^^- »• 

Pro-           Vto- 
posed         posed 

corn          com 
grain     >    grain 
No.  2.    1    No.  3. 

Moisture 

7.28 
21.00 
6.48 
8.11 
6.24 
49.61 
1.58 

7.85 
24.50 

7.60 
36.55 
19.10 

8.65  !         10.15  ,          9.60 
21.44          27.15  1        22.75 

6.50           11.54  !          9.00 
38.75             8.10  '        36.60 

1                    1 

8.75  !            8.70 

Protein 

14.81  {          21.44 

Knt. 

9  40  1          12  00 

KrwextriMJt 

38.75             26.92 

St.Hfrh 

'          25.44 

FiUr 

20.30 

24.66  1        41.52  1        22.05 
1.57  1 

28.29    

Ash 

0  4.40 

rt5.50 

l_ 

Total 

100.30  .     inn  on 

100.00 

100.00 

100.03          100.00  '       KIO.OO            100.00 



Protein  and  fat  in 
dry  RulMtance 

Value  per  ton  of  dry 
substance  per  lh. 
of  protein  and  fat . . 

29.64 
114.08 

34.83 
$16.54 

27.02 
112.84 

30.57 
$14.52 

43.0(i  1        35.11 

$20.45  '      $Hi.tiH 

1 

26.53             40.M 
$12.60  1        $l{).44 

«  Determined  at  laboratory  of  Ohio  State  board  of  health. 

Returning  to  the  value  of  the  total  product  of  grains  obtained  by  the  evaporation  scheme, 
proposed  rye  grain  No.  1  and  proposed  corn  grain  No.  3,  wo  lind  that  the  r\'e  has  a  much 
higher  protein  and  fat  content  than  the  present  rje  grain.  This  is  accounted  for  by  the 
greater  solubihty  of  the  proteids  of  rye.  The  same  holds  true  of  the  free  extract.  It 
will  lie  noted  that  ash,  free  extract,  and  fat  have  increased  in  amount  in  the  new  corn 
grain,  while  the  protein  has  decreased.  Rated  at  2 J  cents  per  pound  of  fat  and  protein, 
the  new  rj'c  grain  is  worth  $2.46  more  per  dry  ton  than  the  old,  while  new  corn  grain  is  worth 
$1.01  less  per  dry  ton  than  the  old.  This  does  not,  however,  fully  represent  the  .true  feed 
value  of  the  new  grains.  Since  the  added  part  is  almost  all  8t)luble,  the  digestibility  of  the 
new  grains  must  be  much  higher  than  that  of  the  old.  As  no  data  were  available  to  determine 
the  value  of  increased  digestible  nutritive  material,  the  present  rate  paid  for  feed  grains 
and  the  price  of  2|  cents  per  pound  of  protein  and  fat  were  taken  as  the  sole  bases  of  value. 
Calculations  based  upon  them  are  shown  below. 

Table  16. — Amount  and  ixilue  of  present  and  proposed  feed  grains. 


Proposed  grain.. 
Present  grain 


Gain. 


Dry  tons 
peV  day. 


Value:  Rye,  $14.40;  corn.  $20.16 
per  ton. 


Value:  2)J  cents  fx-r  pound  pro- 
tein and  fat. 


Corn. 


13.15 
7.90 


Per  day. 
Rye.  I  Com.  i  Rye.  j  Corn.  |  Rye 


'  Per  .season.  , 

I  ,  Total. 


Per  (lav. 


I  ('orn.     Rye.     Corn. 


per  .sra.son. 

—  -  Total. 


Rye. 


12.55  $2ti5. 10  $180. 72i$39,765  $9,a30  $48,801  $255.04  $207. 5.S  $:W,  34<i  $10,370  $48,725 
5. .'15    150.26'    77.04,  23,889   3,852   27,741*  Ui\.^\     75. .^3   24,2.{4l     3.7»;«i   28,000 


7.20    105.841  103. (W   15,876  5,184,  21,0(K)     94.08,  132.25    14,112     6,613,  20,725 

I  II  I  1  I  I  I  I 


From  the  foregoing  it  will  be  observed  that  the  gain  in  value  is  nearly  the  same  whether 
^^Iculated  upon  price  of  present  grains  or  upon  content  of  protein  and  fat,  l)eing  1.0  jx^r 
rent  less  upon  the  latter  basis. 

^Vs  a  secondary  product  of  evaporation,  on  com  there  will  be  34,900  gallons  and  on 
rye  55,000  gallons  of  distillate,  which  may  be  utilized  at  the  cost  of  condensing  the  vafwr 
from  the  slop.  Tests  made  by  G.  L.  Bt^ring  at  Lynchburg  showed  that  this  distillate 
will  convert  starch  into  dextrose  ten  minutes  quicker  than  the  Ix'st  water  now  available  at 
the  distillery.    It  can  be  used  in  the  quashing  and  cooking  process,  therefore,  to  excellent 


Digitized  by  VjOOQIC 


30 


STREAM    POLLUTION    BY    DISTILLERY    REFUSE. 


advantage,  and  it  will  be  more  than  suflQcient  in  quantity  to  answer  this  purpoee.  Under 
the  multiple  system  of  evaporation  this  product  will  be  exhaust  water  and  steaiii  aixl 
will  doubtless  be  suitable  to  discharge  into  the  cookers  without  condensation.  ThU  U 
an  asset  that  can  not  well  be  calculated  in  money  value,  but  is  well  worthy  of  consider&titjr. 
as  an  economy  resulting  from  the  evaporation  process. 

PROFITS. 

Having  obtained  approximate  figures  upon  the  cost  of  plant,  cost  of  operation,  and 
value  of  product,  we  are  in  a  position  to  consider  both  amount  and  per  cent  of  pnjfii.v 
obtainable  from  the  proposed  methods  of  slop  treatment. 

From  tables  14  and  16  the  following  is  deduced: 

Table  17. — Seasonal  ^Kilue,  cost,  and  profit  for  present  and  proposed  feed  gmiwi. 

I  Value  based  on  price  of  prc?«-  !  Value*  hasfnl  on  protein  and 
I  ent  grains.  j  fat  content. 

i    Value.    '     Cost.         Profit.   '    Value,    j     Cost.         Profit 

Proposed  grain i    $4H,S01  j    $10,742!    138.059'    $48,725  |    $10,742         $37,<K: 

Prcsontgrain 1      27,741  |        3,520'      24,215'      28,000  I        3,52li  2AXA 

Increase '      21,0«)  i        7,216'      13,844        20,725  i        7,216  13,50^ 


A  proiit  of  approximately  $38,000  per  season  is  therefore  obtainable  upon  an  investment 
of  S52,000  in  a  complete  plant,  including  evaporation.  This  represents  a  returti  of  76 
per  cent  piT  annum.  \i\  increased  profit  of  about  $13,600  is  obtained  by  adding  a  $4O,0iJf> 
plant  for  evaporation  to  the  old  plant,  as  described;  this  is  at  the  rat«  of  34  per  cent  jxt 
annum.  It  nmst  l)e  remembered,  also,  that  the  foregoing  estunates  are  based  upon  figurv> 
showing  less  than  the  true  food  value  of  the  grains.  A  practical  test  demonstrating  their 
greater  nutritive  properties  should  result  in  higher  prices  and  increased  profits.  Further- 
more, a  considerable  margin  of  safety  is  afforded  by  the  calculation  of  the  chief  cost  (fuel 
for  evaporation)  at  7  [)ounds  of  steam  from  1  pound  of  coal.  One  poimd  of  good  coaJ 
should,  in  practice,  produce  Ix'tween  S  and  9  pounds  of  steam. 

Th(«  following  tables  sliow  the  value,  cost,  and  profit  per  ton  of  dried  product  (9J  per  cent 
for  corn  grains  and  8  per  cent  for  rje  grains  being  assumed  moisture  content),  and  the 
value,  cost,  and  profit  ptT  bushel  of  grain  mashed.  It  will  be  obser\'ed  that  while  the  profit 
ptT  ton  is  decretised  12  or  15  per  cent  the  profit  per  bushel  of  grain  mashed  is  increased 
55  per  cent  because  of  the  greater  volume  of  the  product. 

Table  18.  -Vahu,  cost,  ami  profit  jH>r  ton  of  feed-grain  product. 


l*roi)ose<l  grain  . 
Present  grain  . . 


Increase  . 
Decrease  . 


Value  luLsed  vn  price  of  pres-    Value  based  on  prot<»in  and 
ent  grains.  fat  content. 


Value. 


$17.04 
17.34 


0.30 


Cost. 

Profit. 

$13.23 
15.14  \ 

Value. 

ti.81 
2.20 

$10.85 
17.50 

1 .01 

1.91  1 

.65 

Cost.        Pn>fit. 


$3.81 
2.20 


l.Gl 


$13.(M 
15.30 


2.2C 
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Table  19. — Valuer  cost,  and  profit  in  cents  per  bushel  of  grain  mashed. 


Value  based  on  price  of  pres-    Value  liased  on  protein  and 
ent  grains.  '  fat  contejit. 


Value.        Cost. 


Propoaed  grain  . 
Present  grain  . . 

Increase  .. 


14.6  3.2 

8.4  1.1 


C.l  2.1 


Pront.       Value.        Cost.        Profit. 


11.3  i  14.5  3.2  11.3 

7.3  8.4  1.1  7.3 


2.1  4.0 


Table  17  shows  that  the  cost  of  production  is  only  two-nintlis  the  value  of  the  pnxluct 
under  the  proposed  method  of  disposal.  This  method  could  obviou.sly  be  applied,  there- 
fore, to  a  dlstiUery  two-ninths  as  large  (capacity  abc  t  400  bushels  of  grain  per  day)  with 
a  very  considerable  degree  of  profit.  In  fact,  there  does  not  seem  to  Ije  a  minin>um  hmit 
to  the  size  of  the  distillery  to  which  it  could  be  economically  applied,  except  the  limit  for 
ecoDoniic  operation  of  a  multiple  evaporator. 

RESULT  AT   LYNCIIBrRG    DISTILLERY. 

A  plant  for  the  evaporation  of  slop  was  installed  at  the  Lynchburg  distillery  late  in  the 
autumn  of  1905.  This  plant  was  inspected  by  the  writer  while  it  wa«  in  process  of  construc- 
tion, early  in  December,  1905,  and  again  when  in  operation,  on  March  8  and  May  1,  11M)6. 

The  slop  is  first  passed  over  a  brass  screen  containing  576  perforations  to  the  s<juare  inch. 
This  screen  has  an  area  of  21  square  feet  and  a  slope  of  about  9  inches  in  a  length  of  2  feet 
8  inches.  The  slop  passing  over  this  screen  is  conducted  to  a  second  screen  of  similar 
area  and  somewhat  greater  slope. 

The  thick  slop  from  the  second  screen  is  received  in  a  wooden  vat  and  pumped  thence 
to  be  filtered  in  two  40-plate  presses.  Each  press  is  20  feet  in  length  and  3  feet  in  diameter 
and  has  a  net  filtering  area  of  230  square  feet. 

The  thin  slop  from  both  screens  is  received  in  large  wooden  tanks,  from  which  it  is  pumned 
to  the  evaporator. 

The  evaporating  apparatus  is  of  chief  importance  and  will  therefore  l)e  de.scriljed  in  some 
detail.  The  machine  used  is  the  Hoffman-.Vhlers  triple-effect  vacuum  evaporator,  a  view 
of  which  is  shown  in  fig.  5.  Each  effect  consists,  ess€'ntially,  of  two  c!iaml)ers,  A  and  B,  A' 
and  B',  A*'  and  B",  connected  by  four  lai^e  pipes,  C,  C\  and  C",  and  also  by  a  great  numlx^r 
of  tubes,  placed  within  the  steam  chaml)er,  E,  E\  and  E".  Tlie  slop  is  introduced  at  F, 
into  one  of  the  pipes,  C,  of  the  first  effe<"t,  and  by  the  internal  conditions  is  forced  to  circulate 
through  the  tubes  (not  visible  in  the  cut)  in  the  steam  chamber  E.  These  tulnvs  are  heated 
by  steam  under  pressure,  and  the  slop  in  pa-ssing  through  them  is  largely  vaporized.  The 
vapor  passes  out  at  the  top  of  chamber  A,  through  the  large  pipe  G,  which  leads  to  the 
chamber  E'  of  the  second  effect.  The  concentrated  slop  passes  out  at  //,  enters  the  .second 
effect  at  F,  and  is  further  concentrated  at  a  reduced  pressure  in  the  tul)es  />'.  The  vapor 
from  the  second  effect  is  carried  by  the  pipe  G'  to  the  .steam  chaml)er  E"  of  the  third  effect. 
The  concentrated  slop  enters  the  third  effect  through  one  of  the  pipes  V"  and  is  .still  further 
concentrated  under  a  greatly  reduced  pr(\ssure.  The  vapor  from  the  third  effect  is  exhausted 
through  the  pipe  G",  by  the  vacuum  pump  K,  which  stTves  to  rt»duce  the  pi-essures  us  desirt^d 
in  the  successive  effects.  The  concentrated  sirup  from  the  third  effect  is  pumped  away  to 
a  convenient  place  by  the  magma  pump  L. 

After  several  months  of  experimentation  this  apparatus  is  now  in  good  working  order. 
It  is  capable  of  treating  more  than  40,000  gallons  of  the  thin  slop  in  twenty  hours  (guar- 
anteed capacity  2,700  gallons  per  hour)  and  reducing  it  88  to  90  per  cent  in  volume.  It 
is  now  operated  with  40  pounds  of  steam  pressure  in  the  first  effect,  a  3  or  4  inch  vacuum 
in  the  second  effect,  and  a  26-inch  vacuum  in  the  third  effect.  This  apparatus  costs,  in 
place,  $16,000.    While  this  machine  will  disix>se  of  all  the  waste  com  slop  at  Lynchburg, 
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lay  prove  too  small  to  evaporate  all  the  rye  slop.  A  small  vacuum  pan  has  been 
^e<l  for  further  slop  reduction  when  desired. 

fe  in&giiia  from  the  evaporator  is  added  to  the  feed  from  the  filter  presses,  and  the  two 
Lhorovi^ly  mixed  by  passing  through  a  screw  conveyor  1  foot  in  diameter  and  40  feet 
rfi:th.  It  is  then  dried  by  passing  through  a  direct-heat  rotary  drier,  40  feet  in  length 
o  feet  in  diameter,  and  a  steam  rotary  drier,  20  feet  in  length  and  6  feet  in  diameter. 
pro<i\jict  of  these  machines  is  placed  in  sacks  for  shipment. 

le  noMT  apparatus  consists  of  screens;  evaporator  and  vacuum  pan  with  accessory  liquor, 
nra,  a,nd  vacuum  pumps;  steam  drier;  addition  to  building;  and  a  considerable  amount 
ping  and  a  few  minor  pieces  of  apparatus. 

A'ing  to  difficulty  experienced  in  the  use  of  the  new  steam  drier  with  the  moist  feed  a 
hioe  has  been  specially  designed  to  replace  it. 

be  plant  is  so  constructed  that  almost  unlimited  variations  in  operation  can  be  secured. 
ill  tetke  a  considerable  length  of  time  to  develop  the  most  economical  plan  of  operation, 
lust  necessarily  be  the  case  in  any  pioneer  plant.  Many  possible  economies  have  already 
jested  themselves,  and  others  may  be  expected  to  develop  with  longer  operation. 
he  evaporation  system  as  installed  at  Lynchburg  is  an  unqualified  success,  and  even 
ler  present  imperfect  conditions  a  substantial  profit  upon  the  investment  is  being  made. 
hough  it  is  too  early  to  figure  definite  profits,  the  indications  are  that  the  e.stimates  in 
body  of  this  report  will  be  realized  and  probably  exceeded.  In  making  these  estimates 
irge  factor  of  safety  was  used  and  the  cost  of  plant  and  operation  were  purposely  placed 
a  maximum  figure.  The  installation  at  Lynchburg  proves  that  the  cost  figures  can  be 
liiced  in  the  main  by  about  25  per  cent.  The  predicted  increase  in  amount  of  manu- 
tured  food  stuff  has  not  yet  been  realized  because  all  the  slop  has  not  been  evaporated. 
te  plant  installed  is  apparently  too  small  to  evaporate  all  the  slop  at  all  times,  but  greater 
lounts  will  be  handled  when  the  mode  of  operation  is  perfected. 

The  predicted  change  in  quality  of  manufactured  feed  has  been  realized.  The  new  feed 
sweeter  and  has  a  more  attractive  odor.  It  has  a  higher  specific  gravity.  According  to 
lemic^l  analysis  the  protein  and  fat  content  for  com  and  the  fat  content  for  rye  are  slightly 
»creased,  but  this  decrease  is  more  than  made  up  by  the  increased  digestibility  of  these  and 
le  other  constituents.  Analyses  of  concentrated  slop  liquors  made  by  A.  Lasch^,  Milwau- 
ee,  Wis.,  are  shown  below. 

Table  20. — Analyses  of  concentrated  rye  and  com  slop. 


Rye. 


Com. 


Per  cent. 

Per  cent 
stance. 

Per  cent 
in  dry 
sub- 
stance. 

ioistoie 

86.40 
3.025 

.63 
8.7 

.3 

.883 

.062 

75.31 

Protein 

22.17  ;       6.4»7 
4.63  1        2.2 

63.95  ,      13.6 
2.20            .8 
6.49            .293 
.56           1.3 

26.32 

Fat 

8.01 

Free  extract 

55.08 

BUreh 

3.2 

Ash 

1.22 

Crude  fiber 

5.27 

Total 

100.000  ,      100.00       100.000 

100.00 

The  great  per  cent  of  moisture  in  the  rye  sample  is  to  be  accounted  for  by  the  fact  that  the 
evaporator  had  just  been  placed  in  operation.  The  75  per  cent  moisture  content  of  the 
com  sirup  corresponds  exactly  with  the  predicted  value,  but  it  seems  probable  that  both  rye 
and  com  sirups  can  profitably  be  concentrated  in  the  evaporator  to  contain  about  70  per 
ceDt  of  moisture.  By  comparing  table  20  with  table  15,  it  will  be  seen  that  the  chief 
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result  in  quality  obtained  by  adding  this  sirup  to  the  old  grains  is  a  large  increase  in  W 
extract,  a  lesser  increase  in  ash,  and  decrease  in  starch  and  crude  fiber.  The  new  gnii^ 
will  make  the  better  cattle  food. 

With  regard  to  stream  pollution  little  can  be  said  at  present.  Of  course  stream  polhitioo 
can  be  entirely  prevented  by  evaporating  all  the  slop.  The  new  plant  at  Lynchburg  is  not 
at  present  evaporating  all  the  slop  all  the  time,  so  that  stream  pollution  still  coDtinues. 
By  the  end  of  the  present  distilling  season  better  conditions  will  undoubtedly  prevul,  and 
probably  all  pollution  will  be  obviated.  The  difficnlties  incident  to  the  perfection  of  any 
entirely  new  system  of  manufacture  are  the  cause  of  the  present  continuance  of  poUutiiMi. 

SUMMARY. 

The  results  of  the  investigation  may  be  summed  up  as -follows: 

1.  From  the  still  and  rectifier  of  a  distillery  about  45  gallons  of  waste  slop  hquor  are  dis- 
chai^ed  for  each  bushel  of  grain  mashed.  This  liquor  contains  approximately  5  per  cfni 
(by  weight)  of  solid  matter,  nearly  half  of  which  is  held  in  solution.  All  the  eknaentary 
compounds  of  the  grain  are  represented  in  full  quantity,  starch  excepted,  the  greater  part 
of  this  substance  being  separated  in  the  manufacture  of  the  spirituous  product. 

2.  One  part  of  distillery  refuse  dischai^d  into  a  stream  of  moderate  fall  having  an  average 
flow  of  150  parts  of  water  will  produce  a  serious  pollution  for  a  long  distance  below  the  point 
of  its  introduction  and  may  at  times  render  the  stream  waters  unfit  for  any  use. 

3.  By  screening  out  most  of  the  suspended  solids,  nearly  10  per  cent  (by  volume)  of  the  slop 
may  bo  converted  into  a  dry  cattle  feed  at  a  high  rate  of  profit;  an  additional  50  per  cent  may 
be  utilized  as  a  liquid  cattle  food,  generally  with  a  slight  profit;  in  the  manufacture  of  some 
liquors  a  considerable  quantity  may  be  used  instead  of  water  in  certain  processes.  From 
10  to  40  per  cent  can  not  be  profitably  used  and  is  run  to  waste. 

4.  Stream  pollution  by  such  refuse  may  be  wholly  avoided  by  means  of  evaporation 
recovery  of  cattle  feed  grains  from  the  slops.  By  this  method  of  disposal  the  entire  s^) 
product  of  a  distillery  may  be  utilized,  the  solid  matter  as  a  feed  stuff  and  the  distillate 
from  evaporation  as  water  for  mashing. 

5.  As  applied  to  a  distillery  using  daily  1,750  bushels  of  com  for  a  season  of  150  day^  and 
1,392  bushels  of  rye  for  a  season  of  50  days,  the  following  data  regarding  the  process  may  be 
accepted  as  approximate: 

o.  Cost  of  complete  recovery-  plant $52,000 

b.  Annual  profit  over  operating  expenses  on  investment  in  complete  plant  for  evaporation  re- 

covery, per  cent 73 

c.  Cost  of  additional  plant  to  add  evaporation  to  recovery  by  screening $40,000 

d.  Annual  profit  over  operating  expenses  afforded  by  increased  product,  based  on  investment  in 

additional  plant  to  add  evaporation  to  recovery  by  screening,  per  cent ^ 

6.  A  practical  trial  of  the  evaporation  method  at  Lynchburg,  Ohio,  substantiates  all  the 
claims  made  for  it  and  indicates  that  it  will  prove  to  be  a  rather  greater  source  of  profit  than 
had  been  expected. 

7.  This  system  of  economical  disposal  of  slops  can  probably  be  applied  successfully  to  any 
distillery  large  enough  to  create  a  serious  nuisance  by  the  discharge  of  its  waste  fiquors  into 
any  but  the  smallest  of  streams. 
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TURBINE  WATER-WHEEL  TESTS  AND  POWER  TABLES. 


By  Robert  E.  Hobton. 


INTRODUCTION. 

Ttda  paper  is  not  intended  as  a  treatise  on  the  turbine,  and  comprises  no  extensive  dis- 
cussion of  its  theory,  design,  or  construction.  It  is  mainly  a  compilation  of  data  derived 
from  tests  and  from  manufacturers'  power  tables  of  American  stock  sizes  of  turbines. 
A  bibliography  has  been  added,  giving  selected  references  for  the  use  of  those  who  may 
wish  to  investigate  the  subject  further. 

The  primary  object  of  the  paper  has  been  to  furnish  information  required  in  the  work 
of  the  Geological  Survey,  where  the  turbine  is  used  as  a  water  meter  in  gaging  streams. 
A  secondary  object  has  been  to  furnish  information  from  which  the  power  developed  at 
mills  can  be  determined  from  the  sizes  and  t3rpes  of  water  wheels  used.  Such  informa- 
tion is  often  required  in  the  census  and  other  watei^power  canvasses.  The  water  rights 
of  miDs  can  often  be  definitely  determined  only  from  the  quantity  of  water  used  by  the 
turbines  which  are  or  have  been  employed  to  develop  the  pwwer.  Some  of  these  tur- 
bines are  no  longer  built  or  catalogued,  and  it  is  believed  that  the  manufacturers'  rating 
tables  and  the  record  of  tests  of  the  older  t3rpes  of  wheels  will  be  serviceable  to  engineers 
who  nuiy  be  required  to  determine  questions  of  water  rights. 

Many  antiquated  patterns  of  turbines  are  still  on  the  market,  and  a  clear  presentation 
of  the  evolution  of  the  different  types  of  turbine  water  wheels  should  be  of  practical  serv- 
ice to  those  who  wish  to  know  the  merits  and  demerits  of  the  various  styles.  Much  of 
the  data  has  been  presented  in  graphic  form.  It  is  believed  that  the  section  treating  of 
the  selection  and  arrangement  of  turbines  in  pmwer  plants  will  be  of  service  to  all  turbine 
users. 

PRINCIPAL  TYPES  OF  WATER  WHEELS. 

A  water  wheel  may  be  defined  as  a  machine  that  derives  mechanical  power  from  the 
enei^  imparted  to  falling  water  by  gravity.  Niunerous  modes  of  classification  of  water 
wheels  have  been  used.    They  may  be  classified  as  follows: 

(1)  According  to  position  of  the  plane  of  the  wheel — whether  vertical  or  horizontal. 

(2)  According  to  the  mode  of  action  of  the  water — whether  by  simple  gravity,  by  pres- 
sure under  head  (as  against  a  piston),  by  impulse  or  kinetic  energy  of  a  spouting  jet,  by 
reaction  (illustrated  by  the  pressure  against  the  side  of  a  containing  vessel  opposite  a 
spouting  jet),  or  by  combined  pressure  and  reaction. 

(3)  According  to  direction  of  the  flow  of  water  with  reference  to  the  axis  of  the  wheel 
or  to  the  plane  of  the  wheel — whether  tangential  to  the  wheel,  radially  inward,  radially 
outward,  parallel  to  the  axis,  or  a  combination  of  two  or  more  of  these. 

(4)  By  type — as  overshot,  breast,  undershot,  flutter,  tub,  Jonval,  Foumeyron,  Vortex, 
and  American. 

(5)  As  vertical  water  wheels,  turbines,  and  impulse  wheels.  These  three  classes  may 
readily  be  subdivided  to  include  all  the  types  of  water  wheels  that  have  been  named  above. 

All  water  wheels  of  the  older  types,  including  overshot,  breast,  Poncelet,  and  undershot 
wheels,  were  placed  on  horizontal  shafts.    Turbines  and  their  prototypes,  the  tub  wheel 
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and  the  rouet  volante,  were  placed  on  vertical  shafts.  The  classification  by  position  of 
shaft  thus  served  very  well  to  distinguish  between  water  wheels  and  turbines  until  tur- 
bines were  placed  on  horizontal  shafts.  Hie  rouet  volante  or  flutter  wheel  of  the  ancienU 
consisted  of  flat,  vertical  vanes  projecting  radially  from  a  vertical  wooden  shaft.  The 
water  jet  from  the  feeding  spout  struck  the  vanes  tangentially  near  their  ends.  Such 
wheels  have  been  used  for  centuries  in  India,  Egypt,  Syria,  and  southern  France.  An 
excellent  example  of  a,  rouet  volante  was  in  use  until  recently  in  a  plaster  mill  in  western 
New  York.  The  rouet  volante  placed  on  a  horizontal  shaft  becomes  essentially  the  hurdy- 
gurdy  of  the  early  western  miners.  It  may  thus  be  considered  as  the  protot3fpe  of  the 
modem  impulse  water  wheel  as  well  as  of  the  turbine. 

Much  uncertainty  of  meaning  has  arisen  from  the  conflicting  use  of  terms  in  classify- 
ing water  wheels.  The  terms  impulse  and  reaction,  for  example,  have  been  used  by  dif- 
ferent authors  with  opposite  meanings.  The  conception  of  reaction  is  somewhat  difficuh 
to  grasp,  and  as  the  definition  of  this  word  seems  uncertain  its  use  is  to  be  discouraged 
Its  usual  meaning  will  be  explained,  however,  in  the  course  of  this  paper,  in  order  that 
its  use  in  works  of  reference  may  be  understood. 

VERTICAL  WATER  WHEELS. 

The  overshot  wheel  is  a  characteristic  type,  although  it  is  probably  antedated  hirtorie- 
ally  by  the  bamboo  varia,  which  was  used  by  the  Qiinese,  as  they  claim,  as  eariy  as 
1000  B.  C.  A  form  of  inverted  chain  pump  has  been  used  in  the  Orient  from  time  imme- 
morial for  lifting  water  from  streams  to  irrigation  ditches.  A  motor  of  this  type  has 
recently  been  patented  in  America,  and  one  is  in  operation  in  Mannsville,  X.  Y.,  under  « 
.  head  of  23  feet,  yielding  abundant  power  to  drive  a  grist  and  planing  mill.  Such  wheeK 
as  well  as  overshot  wheels,  operate  purely  by  gravity,  and  yield  theoretically  a  very  high 
eflBciency.  The  objections  to  this  type  of  motor  are  cumbersomeness,  waste  of  water  by 
leakage  and  spilling  from  the  buckets,  inability  to  operate  in  backwater,  and  obstrurtioo 
by  ice  in  winter. 

Overshot  wheels  were  formerly  built  of  great  size.  One  at  Laxey,  Isle  of  Man,  con- 
structed about  forty  years  ago  and  said  to  be  stiU  in  operation,  is  72  feet  6  inches  in  diam- 
eter and  develops  about  ISO  horsepower.a  A  number  of  overshot  wheels  are  in  use  at 
old  mills  in  the  Catskill  Mountains  in  New  York.  A  firm  in  Pennsylvania  manufactures 
*' steel  overshot"  water  wheels,  which,  it  is  claimed,  have  a  high  efliciency. 

Breast  wheels  are  operated  partly  by  gravity  and  partly  by  kinetic  energy,  the  water 
from  the  feeding  chutes  striking  the  floats  or  vanes  of  the  wheel. 

Undershot  water  wheels  and  current  wheels  operate  entirely  by  the  kinetic  enei^  of 
the  moving  water. 

Tide  wheels  and  undershot  wheels  usually  require  a  floating  framework  or  other  deviof 
to  raise  and  lower  them  with  fluctuation  in  water  level. 

Breast  and  undershot  wheels  never  attain  high  efficiency,  and  in  addition  are  subject 
to  all  the  objections  of  the  overshot  water  wheel.  The  labors  of  James  Smeaton,  Fai^ 
bam,  and  the  ingenious  Poncelet,  who  substituted  epicycloidal-curved  vanes  for  straight 
buckets  in  whe(»ls  of  these  types,  increased  their  efliciency  somewhat,  but  such  wbeet 
were  quickly  superseded  by  the  parallel-flow  turbine  of  Jonval  and  the  Boyden-Foumeynffl 
turbines  upon  their  introduction  into  this  country.  Vertical,  water  wheels  are  still  ood- 
sidcrably  used  in  Germany. 

The  theory  of  water  wheels  has  been  elaborately  developed  and  their  literature  is  moch 
more  profuse  thian  that  of  turbines.  *> 


a  See  catolopue  of  the  Pelton  Water  Wheel  Company  for  1898,  pp.  70-71. 
It  See  bibliography  on  page's  125-130. 
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CLASSES  OF  TURBINES. 

A  turbine  a  may  be  defined  as  a  water  wheel  in  which  the  water  is  admitted  to  all  the  vanes 
or  buckets  simultaneously.  It  is  thus  distinguished  from  vertical  water  wheels,  which  receive 
the  water  at  the  top  or  one  side  only,  and  from  impulse  water  wheels,  which  receive  a  spout- 
ing jet  or  jets  from  nozzles  directed  tangentially  against  the  perimeter  of  the  wheel. 

The  component  parts  of  a  turbine  are  the  "runner,"  the  "case,"  the  "gate"  or  "gates," 
and  the  "guides."  Commonly  the  gates  and  guides  are  included  in  the  "case."  The  runner 
is  that  portion  of  the  turbine  which  revolves.  It  comprises  the  vanes,  the  crown  plate,  parti- 
tion plates  or  rim  bands,  which  cover,  subdivide,  or  strengthen  the  vanes,  and  the  power 
shaft.  The  term  "  bucket "  is  applied  to  the  passage  for  the  water  in  the  runner.  The  vanes 
or  floats  are  the  partitions  separating  the  buckets  and  forming  the  runner.  The  term 
"buckets"  is  also  often  used  to  signify  the  vanes.  The  chutes  are  the  openings  through 
which  the  water  passes  into  the  wheel,  and  the  guides  are  the  partitions  separating  the  chutes 
The  gates  serve  to  shut  off  and  regulate  the  supply. 

The  flow  (rf  water  through  a  turbine  may  be  directed  either  radially  inward  or  outward  or 
paitdlel  to  the  axis,  or  inward  and  parallel,  or  inward,  parallel,  and  outward.  The  repre- 
sentative types  of  these  several  classes  are  as  follows: 

Tangential  flow:  Barker's  mill. 

Parallel  flow:  Jonval  turbine. 

Radial  outward  flow:  Foumeyron  turbine. 

Radial  inward  flow:  Thompson  vortex  turbine;  Francis  turbine. 

Inward  and  downward  flow:  Central  discharge  scroll  wheels  and  earlier  American  type  of 
wheels;  Swain  turbine. 

Inward,  downward,  and  outward  flow:  The  American  type  of  turbine. 

TAVOEKTIAL  OTJTWABD-FLOW  TTHLBIHXS—BABXEB'B  KILL. 

In  unpulse  water  wheels  the  jet  strikes  or  enters  the  buckets  in  a  direction  tangential  to 
the  circumference  of  the  runner.  In  most  forms  of  turbines  the  water  flows  outward, 
inward,  or  downward  through  the  buckets,  leaving  them  tangentially  or  nearly  so. 

Hie  simplest  type  of  tangential  outflow  is  Barker's  mill,  invented  in  1740.  This  wheel  has 
radial  arms  and  operates  purely  by  reaction.  Such  wheels  are  still  used  on  the  Morris  Canal 
in  New  Jersey  for  drawing  barges  up  the  inclined  planes  which  serve  in  place  of  locks.  The 
wheeb  have  four  arms  of  6  feet  radius,  with  openings  at  the  ends  3 J  inches  wide  by  15i  inches 
high.b 

James  Whitelaw,  of  Paisley,  developed  Barker's  miU,  which  has  spiral  tapering  arms  so 
curved  that  water  flows  radially  when  the  mill  is  running  at  proper  speed.  A  wheel  of  this 
type  erected  on  Chard  Canal,  1842,  for  purposes  of  hauling  boats  up  incUnes  developed  75 
per  cent  efficiency  on  25  feet  faU.  Owing  to  their  large  size,  low  speed,  and  inability  to 
operate  in  backwater  such  wheels  have  never  come  into  extensive  use. 

RAPTAL  0TJTWABD-7L0W  TUBBOrES— THE  FOVKNETROlf  TUBBIKE. 

A  primitive  type  of  water  wheel,  which  comes  under  the  class  of  turbines  proper,  is  that  of 
Cadiat.  This  is  an  outward-discharge  turbine  without  guide  chutes,  and  therefore  it  may  be 
said  to  belong  to  the  same  stage  in  turbine  evolution  as  do  the  tub  and  scroll  central-dis- 
<^ai:ge  wheels,  although  the  form  of  runner  and  the  direction  of  flow  are  similar  to  those  of 
the  Foumeyron  turbine.  The  weight  of  the  runner  is  carried  by  a  step-bearing  at  the  lower 
end  of  the  shaft.  The  discharge  is  regulated  by  an  outside  cylinder  gate,  probably  the  first 
one  used.    The  buckets  are  curved  in  a  vertical  plane. 

Fig.  1  shows  a  sketch  in  section  of  an  early  Foumeyron  turbine  (after  Morin).  The  guide 
c^Munber  C  received  the  vertical  pressure  of  water,  and  was  suspended  from  above  by  means 

"From  Latin  turbo,  to  revolve.  The  et3rmology  of  the  word  does  not  sufficiently  distinguish  the 
uasg. 

/  Wilaon,  H.  M.,  The  Morris  Canal  and  its  inclined  planes:  Scientific  American  Supplement,  February 
24, 18B3 
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of  a  hollow  column  suirotmding  the  driving  ahaft.  llie  dischaige  was  regulated  by  a  cylin- 
der gate  G  between  the  guide  C  and  the  bucket  V.  Slits  in  the  gate  ring  G  opposite  the  end  of 
each  guide  enabled  the  guides  to  be  extended  outward  nearly  to  the  vanes. 

Fig.  2  shows  a  plan  of  the  guide  chamber  and  runner  of  this  turbine.  The  vanes  or 
buckets  have  a  radial  direction  at  their  inner  ends,  where  they  receive  the  water.  Under  the 
mechanical  conditions  established  the  water  enters  the  wheel  with  a  tangential  velocity 


Fig.  I.— Section  of  the  Foumeyron  turbine. 

equal  to  the  velocity  of  the  bucket ,  is  carried  outward  by  the  radial  component  of  its  velocity, 
and  in  passing  outward  is  deflected  by  the  backward-curved  vanes  or  buckets,  thus  doing 
work.  Inasmuch  as  the  tangential  component  of  the  velocity  equals  that  of  the  buckets  the 
water  could  do  no  work  by  impulse,  hence  the  Foumevron  turbine  is  purely  a  pressuro  or 
reaction  turbine. 


Fio.  2.  -  Plan  of  the  Foiirueyron  turbine. 

The  excellence  of  its  mechanical  construction,  its  high  eflSciency,  its  ability  to  work  yxnder 
very  great  heads,  and  its  ability  to  operate  in  backwater  with  good  eflBciency  rendered  the 
appearance  of  the  Foumeyron  turbine  a  notable  event  in  the  history  of  water  power.  1"^ 
exi>eriments  of  M.  Foumeyron  were  begun  in  1823,  and  his  first  turbine  was  erected  at  Pont 
sur  rOgnon,  France,  in  1827.  It  was  followed  by  several  others,  operating  under  various 
heads  up  to  144  feet,  which  yielded  efficiencies  as  high  as  80  per  cent.  . 
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Iq  1837  M.  FouraejroD  erected  a  turbine  at  St.  Blaise,  Switzerland,  which  operated  under 
a  head  of  354  feet.  The  diameter  of  the  wheel  was  13  inches.  The  depth  of  the  buckets  was 
slightly  leas  than  one-fourth  of  an  inch.  This  wheel  made  from  2,200  to  2,300  revolutions 
per  minute,  and  is  reported  to  have  yielded  an  efficiency  of  80  to  85  per  cent.  The  water 
was  conducted  to  the  turbine  through  a  cast-iron  pipe  conduit,  and  to  prevent  the  chok- 
ing of  the  minute  apertures  in  the  water  wheel  the  supply  was  filtered  before  use. 

January  1,  1843,  a  Foumeyron  turbine,  designed  by  Elwood  Morris,  who  had  translated 
the  valuable  experiment&of  Morin  into  English,  was  erected  at  Rockland  Cotton  Mills,  on  the 
Brandywine.  This  turbine  was  tested  by  Morris  in  the  fall  of  1843,  together  with  a  second 
one,  located  at  Dupont  Powder  Mill,  also  on  the  Brandywine,  near  Wilmington,  Del.  These 
turbines  gave  maximum  efficiencies  of  70  to  75  per  cent,  respectively. 

In  1844  a  Foumeyron  turbine,  constructed  by  Uriah  A.  Boyden,  was  erected  at  the  Apple- 
ton  Company's  cotton  mills  in  Lowell,  Mass.  Carefully  conducted  tests  showed  that  this 
turbine  yielded  an  efficiency  of  78  per 
cent.  The  Appleton  turbine  was  rap- 
idly followed  by  others  of  Boyden's 
design,  which  soon  became  the  stand- 
ard in  New  England,  displacing  the  old 
wooden  vertical  wheels.  The  Boyden 
turbines  were  expensive,  cumbersome, 
and  gave  low  efficiency  when  operated 
at  part  gate,  and  "owing  to  the  large 
number  of  buckets  with  small  apertures 
they  were  liable  to  become  choked  by 
chips,  leaves,  and  other  floating  obstruc- 
tions, not  to  speak  of  fish.  At  Fall 
River,  Mass.,  the  first  turbines  are  said 
to  have  been  stopped  by  eels  on  their 
annual  migrations  to  the  sea.  "a 

The  manufacture  of  Foumeyron  tur- 
bines was  taken  up  by  a  number  of  ma- 
chine works,  and  several  of  the  Boyden 
turbines  are  still  in  use  in  New  England. 
As  usually  constructed  this  turbine  has 
a  cast-iron  casing  attached  to  one  side 
of  the  flume,  similar  to  the  scroll  central- 
dischaige  wheel. 

The  ability  of  a  turbine  of  the  Four- 
neyron  type  to  work  efficiently  under 
very  high  heads  was  shown  by  the  experi- 
ments made  at  St.  Blaise.  The  manu- 
facture of  turbines  of  the  Foumeyron  type  has  been  revived  in  recent  years,  owing  to  the 
demand  for  turbines  to  operate  under  very  high  heads,  as  at  Niagara  Falls  and  elsewhere. 

Figure  3  shows  a  schematic  cross  section  of  the  double  Foumeyron  turbine  used  in  the 
first  installation  of  the  Niagara  Falls  Power  Company.  This  was  operated  under  a  head  of 
about  135  feet.  The  turbine  is  mounted  in  a  globe  penstock,  similar  to  that  used  in  early 
New  England  practice,  with  the  exception  that  two  wheels  are  used,  one  being  placed  at  the 
top  and  the  other  at  the  bottom  of  the  penstock.  As  shown  in  fig.  3  the  mnner  C  and 
buckets  J?,  which  are  represented  in  black,  are  attached  to  the  vertical  shaft.  The  guides  D 
and  buckets  E  are  subdivided  into  three  compartments  by  partition  plates.  The  discharge 
is  regulated  by  outside  cylinder  gates  F.  The  gate  rings  for  the  upper  and  lower  wheels  are 
connected  by  rods,  one  of  which  is  shown  at  J .  The  gate  rings  F  are  raised  and  lowered  in 
unison  to  shut  off  the  outflow  from  or  to  open,  one  after  another,  the  horizontal  compart- 
ments, as  required.    The  cylindrical  penstock  is  shown  in  section  by  hachure.    The  disk  or 


Fig.  3.— Section  of  penstock  and  runners  of  double 
Foumeyron  turbine  at  Nia^'ara  Falls.  A,  Flume; 
B,  penstock;  CC,  runners;  DZ>,  giiides;  ^Tf:,  buckets; 
FF,  gate  rings;  Hll ,  holes  In  upper  drum;  //,  holes 
in  lower  runner;  7,  gate  stems. 


a  Webber,  The  Drvolopmont  of  Water  Power,   digitized  by  vjw^gi^ 
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drum  forming  the  lower  end  of  the  penstock  is  made  solid,  and  holes  //  are  provided  in  tbe 
lower  runner  to  allow  any  water  which  may  enter  between  the  lower  drum  G  and  the  lower 
runner  through  the  clearance  spaces  to  pass  out.  Holes  HH  are  provided  in  tbe  upper  pen- 
stock drum  to  allow  water  under  full  pressure  of  the  head  to  pass  through  and  act  verticaUv 
against  the  upper  runner  C.  In  this  way  the  vertical  pressure  of  the  great  column  of  water 
is  neutralized  and  a  means  is  provided  to  counterbalance  the  weight  of  the  long  vertical 
shaft  and  the  armature  of  the  dynamo  at  its  upper  end.  These  turbines  discfaaTge  430 
second-feet,  make  250  revolutions  per  minute,  and  are  rated  at  5,000  horsepower.  A  section 
of  one  of  the  guide  rings  and  runners  is  shown  in  fig.  4.    The  guides  and  buckets  are  of 

bronze,  and  their  surface  curves 
form  arcs  of  circles  of  varyinp 
radii.  Except  for  tbe  central 
thickening  of  the  vanes,  tbe 
forms  of  the  chutes  and  bucket 
do  not  differ  materially  from 
those  of  the  same  parts  of  tbe 
e4irly  turbines  of  Boyden  and 
Foumeyron. 

A  Foumeyron  turbine  similar 
to  that  at  Niagara  Falls  has  been 
erected  at  Trenton  Falls,  N.  Y. 
This  turbine  operates  under  253 
feet    gross    head  and    has  37 
buckets,  each   5J  inches    deep 
and  \l  inch  wide  at  tbe  least 
section.     The  total  area  of  out- 
flow at  the  minimum  section  is,  therefore,  165  square  inches.     How  enough  water  can 
pass  through  so  small  an  aggregate  aperture  to  yield  continuously  950  horsepower  is  t 
matter  for  legitimate  wonder. 


Bucket  ring 
32  buckets 


F\n.  4. 


Guide  ring 
36  chutes 


-Section  of  guides  and  bucketH.  Foumeyron  turbine, 
Niagara  Falls. 


PAB.ATJ.KT.  DOWNWA&D-FLOW  TURBIHE— THE  70NVAL  TURBHTS. 

The  idea  of  a  parallel-flow  turbine  is  said  to  have  originated  with  Euler.  M.  Fontaine  pat 
it  into  form  for  practical  use,  and  M.  Jonval  added  the  draft  tube  from  which  it  bears  his 
name. 

In  1837  O.  Henschel,  of  Cassel,  invented  the  downward  parallel-flow  turbine,  later  known 
by  the  name  of  Jonval  or  Koechlin.  The  Jonval  turbine  closely  resembles  a  later  type  of 
flutter  wheel  known  as  the  Rorda  turbine,  which  has  inclined  floats  and  receives  water  from 
a  spout  directed  downward.  The  outer  ends  of  the  vanes  are  inclosed  in  a  circular  curb. 
Thus  a  runner  of  the  Jonval  type  was  derived  by  easy  transitions  from  the  primitive 
flutter  wheel.  This  wheel  receives  water  at  only  one  point  on  its  circumference.  In  the 
Jonval  wheel  the  spout  is  replaced  by  a  ring  of  guide  chutes,  which  admit  water  all  around 
instead  of  at  one  point.  The  Jonval  wheel  became  at  once  the  competitor  of  the  Foumey- 
ron turbine.  The  Jonval  turbine  was  introduced  into  America  by  Elwood  Morris  and 
Emile  Geyelin,  of  Philadelphia,  about  the  middle  of  the  nineteenth  century. 

The  tub  wheel  was  a  parallel-flow  turbine  without  guides.  This  was  placed  in  the  bottom 
of  a  flume  and  commonly  contained  a  number  of  inchned  or  curved  vanes,  the  runner  being 
similar  to  that  of  the  Borda  turbine  in  its  earlier  and  to  the  Jonval  turbine  in  its  later  form. 
Sometimes  but  one  or  two  vanes  were  used,  forming  a  helix  or  screw  wheel.  The  tub  wheel, 
when  fitted  with  a  cover  containing  guide  passages  to  direct  the  currents  of  water  against 
vanes,  becomes  essentially  a  Jonval  turbine.  The  tub  wheel  was  in  common  use  in  Ameriet 
at  the  time  the  Jonval  turbine  was  introduced. 

The  theory  of  tbe  design  of  the  Jonval  turbine  forms  a  neat  problem  in  applied  mathemat- 
ics, and  is  extensively  discussed  by  various  writers.^ 


a  See  bibliography,  pp.  126-130. 
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A  variation  of  the  Jonval  turbine,  in  which  the  number  of  buckets  was  reduced  to  two, 
was  extensivelj  used  in  sawmills  in  northern  New  York.  Owing  to  the  laige  openings  of  the 
buckets,  ice,  drift,  and  other  obstructions  could  pass  through  this  wheel  without  injuring  it. 
The  vanes  wefe  neariy  horizontal,  giving  a  high  speed  of  rotation.  The  efficiency  was  very 
low. 

In  the  Jonval  turbine  the  velocity  of  water  at  the  outer  ends  of  the  buckets  is  greater  than 
that  at  the  inner  ends.  In  order  to  increase  the  capacity  of  the  wheel  without  the  loss  of 
power  that  would  result  from  unequal  velocities  in  the  outer  and  inner  portions  of  a  broad 


Pro.  5.— Section  of  Francis  center-vent  turbine  at  Booth  Cotton  Mills,  1849.  C,  Guide  chutes:  D,  run- 
ner; O,  inside  cylinder  gate  ring:  H,  holes  through  runner  disk  to  admit  water  and  neutralize  pre&- 
sore:  R,  gate  stems. 

bucket  annulus,  the  Geyelin  Double  Jonval  turbine  has  been  devised.  This  contains  two 
rings  of  buckets,  one  within  the  other,  the  inclinations  of  the  buckets  differing,  so  that  the 
angular  velocity  of  both  rings  is  the  same;  the  intention  being  to  secure  a  turbine  of  large 
capacity  in  small  compass. 

Jonval  turbines  are  still  manufactured  by  a  number  of  American  firms,  and  rating  tables 
are  given  on  pages  98-100. 

BADIAL  IHWARD-FLOW    TURBIKES-THS   7RAK0I8   TUSBIHE. 

James  B.  Francis,  who  was  intimately  associated  with  Uriah  A.  Boyden  in  testing  eariy 
American  Foumeyron  turbines,  experimented  in  1847  on  a  model  of  a  centei^vent  turbine 

which  was  essentially  a  Foumey- 
ron turbine  having  the  relative 
positions  of  the  guides  and  buckets 
and  the  direction  of  flow  reversed.^ 
Such  a  wheel  had  been  proposed 
by  Poncelet  in  1826.  A  patent 
was  issued  to  Samuel  B.  Howd, 
of  Geneva,  N.  Y.,  in  1836  for  an 
inward-flow  turbine,  some  features 
of  which  were  embodied  in  the 
Francis  turbine. 

The  inward-flow  turbine  was  destined  to  supplant  all  others,  but  it  was  soon  found  best 
to  extend  the  buckets  downward,  thus  making  an  inward  and  downward  flow  turbine. 

MIXED-FLOW  TTJRBIKES. 

This  class  include?  (A)  scroll  central-discharge  wheels,  embracing  (1)  turbines  without 
gulden,  (2)  the  Burdin  turbines,  (3)  Thompson  vortex  turbine;  (B)  early  American  tvpes 
of  turbines  having  double  curved  buckets  extended  downward  below  the  guide  ring,  but  not 
protruding  outward.     In  these  wheels  the  runner  can  be  lifted  vertically  out  of  the  case. 

fl  Francis,  J.  B.,  Lowell  Hydraulic  Experiments,  pp.  55-60. 
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Fig.  7.  -Schiele  turbine. 


8CBOIX   CEMTRAL-DISCHABOE  WHEELS. 

Scroll-case  turbines  have  flat  vanes,  or  vanes  that  are  curved  but   little  from  a  vertical 

plane.     The  action  of  the  water  is  chiefly  radially  inward,  although  the  discharge  is  both 

upward  and  downward. 
The  best  developed  turbine  of  the  scroll  central-diteharge  type  is  the  Schiele,  which 

has  curved  guide  vanes  and  buckets,  the  latter  attached  to  periphery  of  a  central  drum. 

(See  fig.  7.)    The  dischaige  is  controlled  by  a  gate 
in  the  chute. 

The  Thompson  vortex  turbine  and  certain 
American  types  of  bulging-bucket  turbines 
mounted  in  scroll  cases  also  discharge  both  up- 
ward and  downward.  Nfany  scroll  central-dis- 
charge turbines,  with  no  guide  passages  and  with 
the  controlling  gate  in  the  throat  of  the  scroU 
case,  are  still  in  use.  The  gate  is  either  of  the 
sliding  or  of  the  pivoted  butterfly  type.  Some 
forms  of  this  wheel  have  rudimentary  guide  pas- 
sages, two  in  number,  opening  on  opposite  sides 
of  the  runner,  their  object  being  to  distribute  the 

water  equally  around  the  periphery  of  the  wheel,  and  to  prevent  a  portion  of  the  runner 

from  "running  dry.' 

AMERICAN   TYPE   OF  TURBINES. 

The  earliest  step  toward  the  development  of  the  turbine  in  America  is  a  patent  issued  to 
Benjamin  T>'ler,of  Lebanon,  N.  H  ,  in  1804,  signed  by  Thomas  Jefl'erson.for  an  "improve- 
ment in  watci  wheels."  Apparently  the  water  wheel  improved  l<*  a  primitive  Putter  whr<»l 
or  rouet  volante,  and  the  improvement  consisted  in  hoop- 
ing the  wheel  witli  iron  hoops  and  setting  the  wooden 
vanes  at  a  sperificMl  angle. 

CVedit  for  the  scroll  case  is  assigned  by  W.  W.  Tyler 
to  the  Parker  brothers,  of  Licking  County,  Ohio,  the 
American  patentees  of  the  draft  tube  in  the  early  half 
of  last  ccntury.« 

From  18.50  to  1875  many  turbines  were  built  nearly 
on  the  lines  of  the  IIowd-Francis  turbine,  but  with 
buckets  curved  downward  to  an  increasing  extent  in 
successive  forms.  Tests  of  the  Swain  wheel  in  the  six- 
ties proved  conclusively  the  merit  of  this  type.  In  the 
same  decade  the  pivot  or  wicket  gate  was  successfully 
applied  in  the  ''American"  and  "Leffel"  turbines,  and 
thus  a  step  in  advance  was  taken  toward  improvement  of  the  part-gate  efl^ciency  of 
turbines.  LefTel  also  introduced  tlie  short  draft  tube,  carrying  the  bridge  tree  and  step 
bearing,  giving  the  turbine  vasv  practically  the  form  at  present  retained.  The  Risdon 
turbine  having  an  inside  cylinder  gate  and  buckets  slightly  curved  downward  led  in 
efficienc}'  at  the  tests  made  nt  the  Centennial  Exposition  of  1876.  At  this  exposition 
much  attention  was  also  attracted  by  tests  of  tlie  Little  Giant  turbine,  manufactured  by 
Knowlton  &  Dolan,  of  Indianapolis,  under  a  patent  issued  to  Matthew  and  John  Oben- 
chain.  This  wheel  has  ladle-shaped  bulging  buckets,  and  similar  wheels  were  soon  devised 
by  John  B.  McCormick,  from  whose  designs  the  Hercules,  Hunt,  Victor,  and  several  makes 
of  "McCormick"  turbinas  have  l^een  developed. 

In  figure  8  the  arrows  indicate  the  inward  and  downward  direction  of  flow  of  the  water. 
Provision  is  made  for  a  slight  outward  flow.     In  turbines  of  this  type,  as  well  as  in  those 


Fig.  8.— Cross  section  of  an  early 
turbine  with  deep,  bulging  buck- 
ets, pivot  gates,  and  an  adjustable 
bearing  (B). 


a  Tyler,  W.  W.,  Evolution  of  the  American  Type  of  Water  Wheel. 
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A.     RECENT  AMERICAN  TYPE  OF  WATER-WHEEL  RUNNER. 


B.     DYNAMOMETER.  HOLYOKE  TESTING  FLUME. 
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with  inward  and  downward  flow  onlj,  the  buckets  are  commonly  made  of  wrou^t  iron  or 
steel  secured  in  a  cast-iron  head,  as  here  shown,  and  strengthened  by  a  band  at  C. 
Clemens  Herschel  writes: a 


\  turbines  are  mostly  of  a  complex  nature,  as  regards  the  action  of  the  water  on  the  buckets 
o*  tbe  wlwels,  and  have  been  perfected  In  eflBciency  by  test,  or.  as  it  is  Irreverently  called,  by  the  '*  cut  and 
try  "  me'thod  of  procedure.  A  wheel  would  be  built  on  the  inspiration  of  the  inventor,  then  tested  in  a 
testing  flume,  changed  in  a  certain  part,  and  retested.  until  no  further  change  in  that  particular  could 
rSxsA  an  Improvement.  Another  part  would  then  undergo  the  same  process  of  reaching  perfection,  and 
^ufl  in  course  of  time  the  whole  wheel  would  be  brought  up  to  the  desired  high  standard  of  efficiency. 

The  American  type  of  turbine  is  distinguished  by  the  great  depth  of  its  buckets,  its  great 
capacity  in  proportion  to  its  diameter,  and  by  its  high  speed.  It  is  also  distinguished 
by  the  form  of  its  buckets,  which  consist  of  a  ring  of  curved  vanes  arranged  parallel  to  the 
axis  and  inclosed  within  the  guide  ring.  Below  the  guide  ring  the  buckets  expand  down- 
ward and  outward,  forming  large  cup-shaped  outlets. 

The  evolution  of  turbines  having  enormous  capacity  compared  with  their  size  is  lai^ly 
the  result  of  the  desire  for  great  power  in  a  small  and  consequently  cheap  wheel,  and  the 
dBsiTe  to  procure  as  high  a  speed  as  possible.  The  speed  of  a  wheel  under  a  given  head 
varies  inversely  as  its  diameter.  To  increase  the  capacity  of  a  turbine  without  increasing 
its  diameter  requires  an  increase  in  its  depth.  Thus  wheels  with  very  deep  buckets  have 
been  evolved.  This  is  illustrated  in  PI.  I,  J,  showing  the  inlet  end  of  the  runner  of  a  deep- 
bucket  wheel. 

When  a  wheel  is  operating  under  low  heads  the  lower  part  of  a  deep  bucket  is  operating 
under  an  appreciably  greater  head  than  the  upper  part ;  hence  to  maintain  a  proper  velocity 
of  the  vB^ieT  passing  through  the  turbine,  and  to  enable  it  to  leave  the  runner  with  a  low 
velocity,  large  bucket  outlets  are  required.  These  could  not  be  obtained  in  the  narrow 
compass  of  a  runner  of  small  diameter,  and  to  remedy  this  defect  large  cup-shaped  buckets 
protruding  downward  and  outward  from  the  inlet  chutes  were  devised.  The  course  of  the 
water  in  passing  through  these  complex  buckets  is  first  radially  inward,  then  axially  down- 
ward, then  tangential,  or  outward  or  both,  thus  effecting  a  nearly  or  quite  perfect  rever- 
aion  of  current  direction.  The  large  ladle-shaped  vents  perform  another  important  func- 
ticxi  in  that  they  distribute  the  water  uniformly  within  the  draft  tube. 

Recent  improvements  in  this  form  of  wheel  have  been  (1)  the  arranging  of  wheels  in 
pairs  on  horizontal  shafts,  made  possible  by  the  use  of  the  draft  tube;  (2)  the  invention  of  a 
governor  that  will  control  the  speed  of  the  wheel  with  a  degree  of  uniformity  that  is  com- 
parable with  that  effected  by  the  best  engine  regulators;  (3)  the  development  of  such  a 
relation  between  the  gate  mechanism  and  the  runner  design  as  to  give  a  high  efficiency  with 
a  considerable  range  of  gate  opening. 

American  turbine  practice  differs  from  European  practice  in  that  water  wheels  are  placed 
on  the  market  in  standard  or  stock  sizes,  whereas  in  Europe,  notably  on  the  Continent, 
each  turbine  is  designed  for  the  special  conditions  under  which  it  Ls  to  operate,  the  designs 
being  based  on  mathematical  theory  and  following  chiefly  the  Jonval  and  Foumeyron  types. 
Thirty  years  ago  there  were  probably  more  establishments  engaged  in  the  manufacture  of 
turbines  than  there  are  to-day.  The  keen  competition  of  that  time  led  to  the  development 
of  better  turbines,  and  the  relatively  small  number  of  firms  having  the  ingenuity  and  the 
faciliti^  to  meet  the  demand  are  the  ones  that  have  survived.  At  the  present  time  a  large 
majority  of  the  turbines  used  in  this  country  are  built  in  half  a  dozen  factories. 

Having  been  developed  by  experiment  after  successive  Ilolyoke  tests  (described  on  pp. 
36-37),  American  stock  pattern  turbines  probably  give  their  best  efficiencies  at  about  the 
head  under  which  those  tests  are  made — i.  e.,  14  to  17  feet.  The  shafts,  runners,  and  cases 
are  so  constructed  as  to  enable  stock  sizes  of  wheels  to  be  used  under  heads  ranging  from  6. 
to  60  feet.  For  very  low  heads  they  are  i>erhaps  unnecessarily  cumbersome.  For  heads 
exceeding  60  feet  American  builders  commonly  resort  to  the  use  of  bronze  buckets  and 
"special  wheels,"  not  designed  along  theoretical  lines,  as  in  Europe,  but  representing  modi- 
fications of  the  standard  patterns. 


aCassier's  Magazine,  Niagara  power  niimber,  Jiiiy,  1895,  p.  243. 
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TYPES  OF  TURBINi:  GATES  AND  GUIDES. 

Practice  as  to  chutes  or  guides  differs  widely.  They  are  usually  fewer  in  number  than  the 
buckets.  The  cogent  dogma  of  water-wheel  design  is  that  the  water  should  enter  withcwt 
shock  and  leave  without  velocity.  This  implies  that  the  direction  of  motion  of  water  oo 
leaving  the  buckets  shall  be  opposite  to  that  of  the  buckets  themselves,  and  that  its  velocity 
relative  to  the  buckets  shall  be  equal  to  that  of  the  buckets.  The  water  wiU  then  have  no 
velocity  relative  to  the  earth.  This  law  requires  that  the  water  shaU  enter  the  buckets  at 
an  angle  at  which  it  will  glide  smoothly  in  without  shock.  The  guide  passages  are  made  as 
few  in  number  as  is  reasonably  consistent  with  this  dictum.  The  cons^ction  of  turbines 
without  guides  has  also  its  advocates.^ 

With  regard  both  to  the  efficiency  and  the  general  merit  of  the  wheel,  the  gates  aie  pir- 
haps  the  most  important  feature.  Among  the  different  types  of  gates  are  outside  register 
gates,  inside  register  gates,  inside  cylinder  gates,  wicket  or  pivot  gates. 

Register  gates  may  be  of  the  plate  or  of  the  ring  type,  according  as  they  are  applied  to 
parallel-flow  or  inward-flow  turbines.  In  each  class  of  turbines  register  gates  are  some- 
times used  outside  and  sometimes  inside  of  the  guide  chutes. 

Outside  register  gates,  adapted  to  the  Jonval  type  of  wheels  and  to  plain  inward-flow  tur- 
bines, were  named  from  their  similarity  to  a  common  hot-air  register.  Such  wheels  are  of 
small  capacity  in  proportion  to  their  weight  and  diameter.  Obstructions  readily  catch  in 
the  gate  and  chute  openings  and  prevent  the  gates  from  being  closed  ti^tly,  and  the  down- 
ward pressure  of  the  water  on  the  register  ring  makes  it  difficult  to  open.  When  the  regis- 
ter is  partially  closed,  the  usefulness  of  the  guide  passages  is  in  part  nullified  and  the  resuh- 
ing  efficiency  of  the  wheel  is  diminished. 

The  inside  register  gate  is  placed  between  the  chute  ring  and  wheel  runner  instead  of  being 
outside  of  both.  It  is  sometimes  applied  to  wheels  of  the  American  type  having  inlet  pas- 
sages parallel  to  the  axis  as  well  as  to  Jonval  wheels,  in  which  the  inlet  passages  are  in  • 
plane  at  right  angles  to  the  wheel  axis. 

Cylinder  gates  are  applied  to  turbines  of  the  Foumeyron  and  American  types,  bat  not  t4) 
Jonval  turbines.  The  cylinder  gate  moves  over  the  inlet  ports  in  a  direction  parallel  to  it« 
axis,  cutting  off  the  supply  at  the  top  of  the  guide  passages  instead  of  at  the  side,  as  does « 
register  gate. 

The  inside  cylinder  gate  is  the  form  of  gate  most  commonly  used  on  wheels  of  the  Amer- 
ican t3rpe.  It  consists  of  a  cast  ring  having  a  width  equal  to  the  depth  of  the  inlet  ol  the 
buckets,  supported  by  counterbalance  weights  and  moved  by  gearing.  By  moving  it  up  or 
down  the  depth  of  the  inlet  passages  is  increased  or  diminished  as  desired.  It  is  conunended 
by  its  ease  of  operation  and  its  freedom  from  clogging.  When  it  is  partiaDy  closed  the  con- 
traction of  the  water  in  passing  the  sharp  metal  lip  of  the  gate  causes  swirls  and  eddies  to 
form  in  the  upper  part  of  the  buckets.  The  smooth  curved  form  of  the  guide  passages  is 
fully  effective  only  when  the  wheel  is  running  with  the  gate  wide  open.  In  order  to  lead  the 
water  smoothly  into  the  buckets  at  all  gate  openings,  a  set  of  ''false  guides,"  or  garnitures, 
is  sometimes  attached  to  the  lip  of  the  gate  cylinder  to  prevent  the  breaking  or  throttling 
of  the  inflowing  water.  *> 

Another  device  intended  to  prevent  inefficient  operation  when  the  buckets  are  onbf  ptr- 
tiallj  filled,  as  at  part  gate,  consists  in  the  use  of  division  plates,  by  which  the  water  b 
entirely  shut  out  of  the  upper  part  of  the  wheel  when  it  is  operating  at  part  gate.  Tbis 
makes  the  turbine,  in  effect,  a  series  of  water  wheels  placed  one  above  another.  Such  water 
wheels  are  commonly  called  double  turbines.  They  may,  however,  be  distinguished  from 
another  style  of  double  turbines,  the  Leffel,  in  which  two  essentially  different  ixdieels  are 
combined  and  mounted  on  the  same  shaft  for  the  purpose  of  increasing  the  capacity  ol  the 
turbine  without  increasing  its  diameter. 

When  an  inside  cyUnder  gate  is  raised,  an  open  space  an  inch  or  more  wide  is  left 
between  the  guide  chutes  and  buckets.     In  order  to  avoid  this  and  to  conduct  the  water 

o  Tyler,  W .  W .,  The  evolution  of  the  American  type  of  water  wheel :  Jour.  Western  Soc.  Eng.,  vol.  %. 
Chicago,  1808. 
bWebber,  Samuel,  EfBcienoy  of  turbines  as  affected  by  form  of  gate:  Trans.  Am.  Soc.  Meeh.  Eng.,  1^^ 
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nore  perfectly  to  the  wheel,  an  outside  cylinder  gate  has  been  devised,  caUed  a  "sleeve 
5Bte,"  consisting  of  a  cylindrical  ring  slipping  outside  of  both  runner  and  chute  ring. 

Wicket  or  pivot  gates,  as  the  terms  are  applied  to  the  American  type  of  turbines,  are  a 
x»mblnation  of  gates  and  guide  passages.  The  leaves  of  the  guide  ring  are  so  pivoted  on 
heir  centers  as  to  balance  and  swing  by  levers  and  gearing.  Their  inner  ends  approach  or 
eoede  from  one  another,  increasing  or  cutting  off  the  supply  to  the  wheel  runner  as  desired. 
Kr  usually  constructed,  all  the  gate  leaves  move  simultaneously;  a  modification  consists  in 
i  series  of  hinged  gates,  which  close  one  after  another  as  it  is  desired  to  decrease  the  power. 
iVhen  a  gate  is  opened  at  all,  it  is  opened  full  width,  and  the  number  of  fractional  gate  open- 
ngs  at  which  the  wheel  can  operate  is  determined  by  the  number  of  gates. 

Pivot  or  wicket  gates  are  conducive  to  high  part-gate  efficiency  provided  they  are  so  con- 
itructed  as  not  to  change  the  "entrance  angle  "  of  the  water  as  it  strikes  the  buckets  at  part 
;ate.  Cylinder-gate  turbines  miy  be  so  designed  as  to  yield  their  maximum  efficiency  when 
iinning  at  about  three-fourths  gate,  the  depth  of  buckets  being  so  great  that  the  discharge 
s  "choked"  and  some  efficiency  lost  at  full  gate.  In  this  way  a  good  efficiency  scale  for 
[Mirt  gate  is  obtained  with  cylinder-gate  turbines. 

I*ivot  gates  contain  many  parts  and 
ire  as  a  rule  more  liable  to  obstruction, 
leakag;^,  and  breakage  than  cylinder 
jates.  They  are,  however,  extensively 
tised  with  very  satisfactory  results. 

MECHANICAL     PRINCIPLES 
OF  THE  TURBINE. 

No  attempt  will  be  made  to  enter 
into  the  mechanical  principles  of  the 
turbine  from  a  mathematical  stand- 
point, as  the  theoretical  equations  of 
relation  are  long,  involved,  and  vo- 
luminous in  development.  Only  a 
very  general  discussion  of  the  subject 
will  therefore  be  given. 

The  principle  of  reaction,  as  operat- 
ing in  turbines,  is  illustrated  in  fig.  9. 

If  the  wheel  W  were  held  rigid,  the  water  would  spout  from  the  orifices  A^  B,  and  C  with  a 
velocity  due  to  the  head  H.  If  pistons  similar  to  P  were  fitted  in  the  orifices,  these  pistons 
would  be  driven  outward  by  the  pressure.  If,  now,  the  pistons  were  held  rigid,  but  the 
wheel  were  free  to  revolve,  the  pistons  would  be  forced  outward  as  before  relative  to  the  wheel, 
but  the  wheel  must  then  revolve.  The  water  head  H  exerts  a  direct  pressure  on  the  pistons, 
and  in  accordance  with  Newton's  second  law  of  motion,  an  equal  and  opposite  pressure  or 
reaction  is  exerted  outward  against  the  back  walls  M,  if,  M  of  the  arms  ^,  B,  and  C.  Sim- 
ilarly, if  the  pistons  were  removed,  and  if  the  wheel  were  free  to  revolve,  the  unbalanced 
pressure  against  the  back  or  outer  walls  If ,  if,  if  of  the  arms  would  cause  it  to  revolve  and 
with  a  peripheral  velocity  nearly  equal  to  that  due  to  the  head  H. 

The  theorem  of  Torricelli  requires  that  the  water  shall  issue  from  an  orifice  with  a  velocity 
equal  to  that  acquired  by  a  body  falling  through  a  height  equal  to  the  head. 

In  the  case  of  the  Barker's  mill  the  orifice  itself  is  moving  with  this  velocity  and  in  a  con- 
trary direction.  Hence  the  water  will  have  the  required  velocity  relative  to  the  wheel,  but 
will  have  no  velocity  relative  to  the  earth  and  will  drop  nearly  inert  from  the  orifices.  This 
simple  phenomenon  has  been  carefully  traced  out,  in  order  that  its  application  in  the  less 
evident  example  of  a  turbine  bucket  may  be  made  clear. 
IKK  180— 06 2 


Fig.  9.— Dia^am  illustrating  the  principle  of  reaction. 
The  figure  represents  a  Barker's  mill  of  the  Whltelaw 
type. 
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Fio.  10.— DlAgram  Illustrating  impulse  against  citrved 
vanes. 


Let  Af  fig.  10,  represent  a  single  bucket  in  the  vane  ring  of  an  outward-discharge  turbiar 
the  inner  or  guide  ring  being  removed.  Assuming  the  bucket  to  be  attached  to  the  aij 
of  the  turbine  by  the  radial  arm  B^  the  similarity  of  conditions  to  those  shown  in  %.  9  ? 
obvious. 

This  illustration  applies  equally  well  to  either  an  outward,  inward,  or  downward  discfaar^ 
turbine,  so  far  as  reaction  is  concerned. 
Inasmuch  as  the  bucket  A  revolves,  the  water  must  enter  the  bucket,  if  at  all.  witb  i 

tangential  velocity  equal  to  the  vr  U- 
ity  of  the  bucket  and  in  the  mm- 
direction.  Guide  chutes  faciihati^ 
the  action  by  properly  directing  th** 
current  of  water  in  entering  tb* 
bucket,  as  indicated  at  C,  fig.  10. 

Action  by  impulse  against  a  mur 
ing  vane  takes  place  as  follows: 

First  consider  the  vane  K,  fig.  11. 
as  stationary.  The  jet  from  a  gutd^ 
chute  enters  the  bucket  in  the  dimr- 
tion  A  B  and  leaves  it  in  the  direetim: 
C  D,8o  that  its  direction  of  motioQ  :- 
changed  through  the  angle  B  E  C. 

If  the  water  spouting  from  tbt 
guide  chute  A  would  have  reached  B 
at  the  same  time  that  it  actaall} 
reaches  C,  then  A  C  would  represro: 
the  resultant  velocity.  The  line  A  C  comprises  two  components — (1)  the  initial  velocil;( 
A  B  and  (2)  a  velocity  imparted  by  the  vane  V.  From  the  parallelogram  of  forces  we  find 
graphically  for  the  latter  the  value  B  C.  This  force  is  exerted  as  a  push  against  the  vhm*. 
tending  to  rotate  it  on  its  axis.  It  can  do  work  by  causing  the  vane  to  move  forward  or 
to  revolve  against  resistance, 
and  the  amount  of  work  done 
will  be  represented  by  a  com- 
ponent of  the  force  B  C  (modi- 
fied by  the  motion  of  the  vane) 
parallel  to  the  line  of  motion 
and  acting  through  the  dis- 
tance V  where  v  is  the  velocity 
of  the  vane — i.  e.,  the  velocity 
of  rotation  of  a  turbine. 

If  the  vane  V  were  properly 
curved  and  moved  with  such 
velocity  relative  to  that  of  the 
jet  that  the  jet  left  its  outer 
end  with  a  backward  velocity 
equal  to  the  forward  velocity  of 
the  wheel,  then  the  jet  would 
have  no  velocity  relative  to  the 
earth  and  would  drop  inert,  its  entire  energy  having  been  imparted  to  the  vane. 

With  most  forms  of  gates  the  size  of  the  jet  is  decreased  as  the  gate  is  closed,  the  buclvt 
area  remaining  unchanged,  so  that  the  wheel  operates  mostly  by  reaction  at  full  gate  sod 
by  impulse  to  an  increasing  extent  as  the  gate  is  closed.     Henoe,  the  speed  of  maxixnum 
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Pia.  11.— Diagram  illustrating  theory  of  moving  vaoes. 


efficiency  varies  as  the  gate  is  closed. 

for  a  36-inch  Hercules  turbine  is  given  in  the  subjoined  table. 


_         .    peripheral  velocity  .  ^  . 

^^'^'^^  velocity  due  head*  ^^^W*^^^""*®^- 
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1        Proportional  gate 
I                opening. 

Maximum  ef&ciency. 

Peripheral  velocity. 
Velocity  due  head. 

1 

Percent. 

' 

FuD. 

86.60 

0.677 

0.806 

87.1 

.648 

.647 

86.3 

.641 

.489 

80 

.603                  ' 

.379 

73.1 

.585                   1 

Centrifugal  force  also  plays  an  important  part  in  turbine  action.  The  complete  theory 
)f  the  turbine,  including  consideration  of  friction  and  centrifugal  force,  involves  intricate 
nathematical  analysis.     The  principal  results  to  which  it  leads  are  as  follows: 

Given  the  head  and  quantity  of  water  and  speed  required,  theory  indicates  the  diameter 
}f  wheel  and  the  initial  and  terminal  angles  of  the  vanes.  It  does  not  determine  the  form  of 
:he  vanes,  the  curved  surfaces  of  which  are  usually  made  up  of  circular  arcs  for  simple 
inward-,  outward-,  and  downward-flow  turbines.  Neither  is  the  number  or  the  depth  of  the 
buckets  determined,  except  that  their  normal  sections  shall  be  such  as  to  give  the  water  the 
required  velocities  in  passing  through. 

Theory  does  not  indicate  the  numbers  of  guides  or  buckets  most  desirable.  If,  however, 
they  are  too  few,  the  stream  will  not  properly  follow  the  flow  Hnes  indicated  by  theory.  If 
the  buckets  are  too  small  and  too  numerous,  the  surface-friction  factor  will  be  large. 

It  is  customary  to  make  the  number  of  guide  chutes  greater  than  the  number  of  buckets, 
so  that  any  object  passing  through  the  chutes  will  be  likely  to  pass  through  the  buckets  also. 

In  a  Jonval  turbine  the  guide  ring  and  bucket  ring  have  equal  radii.  In  the  Francis, 
Thomson,  and  American  types  the  radius  of  the  guide  ring  is  larger,  requiring  oftentimes  the 
thickening  of  the  guide  partitions  in  order  to  give  the  water  the  proper  initial  velocity 
where  it  enters  the  buckets. 

HORSEPOWER  AND  EFFICIENCY  OF  TURBINES. 

The  energy  or  capacity  for  doing  work  resulting  from  a  weight  W  falling  through  a  height 
His- 

Enei^  in  foot-pounds— IF  E. 

A  hoisepower  was  defined  by  James  Watt  as  the  capacity  to  perform  work  at  the  rat©  of 
33XXK)  foot-pounds  of  energy  expended  per  minute. 

If  the  weight  of  a  cubic  foot  of  water  is  w  and  the  flow  of  a  stream  is  Q  cubic  feet  per 
minute,  then  the  theoretical  horsepower  will  be — 

W^H     QwH 
33,000"33,000 

Taking ti;,  the  weight  of  water,  at  62.4  pounds  per  cubic  foot,  the  factors  for  obtaining  the 
theoretical  horsepower  are  the  following: 
0.1135xHXcubic  feet  per  second. 
0.00189xHXcubic  feet  per  minute. 
0X)00253x£rxU.  S.  gallons  per  minute. 
0.3643X5X11.  S.  gallons  per  24  hours. 
0.00227XHxCalifomia  miner's  inches  (-=0.02  second-foot). 
0.00295xJIXColorado  miner's  inches  (=0.026  second-foot). 

0.000789v/2gX£r^xF  (vent  in  square  inches). 

0.00632 XH^XV  (vent  in  square  inches). 
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The  horsepower  of  a  stream  decreases  about  one-fourth  of  1  per  cent  with  a  yariatioQ  ol 
the  tepiperature  of  the  water  from  40®  to  75**  F. 
For  precise  calculations  the  exact  weight  of  pure  water  may  be  useful. 

Weight  and  dimensions  cfdistHUd  xoaier  al  stated  temperaiuresA 
[Weight  in  pounds.] 


Tempera- 
ture, de- 
grees Fah- 
renheit. 

ReUtive 
density. 

Weight 

per  cubic 

foot. 

62.416 

Weight 

per  cubic 

Inch. 

Weight  of 
column  1 

inch 
square,! 
foot  high. 

WeLgAt 
perUTs. 
gallon. 

Cubic 

feet  per 

ton. 

Weight  per 
cubic  yard. 

32 

0.99967 

0.0361 

0.4334 

8.346 

32.043 

1,685.332 

639.3 

1.00000 

62.424 

.0361 

.4335 

6.3454 

32.039 

1.685.448 

1            50 

.99975 

62.406 

.0861 

.4333 

8.3433 

32.047 

1,684.908 

60 

.99907 

62.366 

.0361 

.4330 

8.3383 

32.069 

1,683.882 

1            70 

.99802 

62.300 

.03607 

.4326 

8.3296 

32.103 

1,682.100 

1            80 

.99609 

62.217 

.03602 

•^ 

8.3184 

32.145 

1,679.8» 

>  Smith,  Hamilton,  Hydraulics. 

b  Maximum  density. 

In  practice  the  theoretical  power  is  always  to  be  multiplied  by  an  eflBciency  factor  E  to 
obtain  the  net  power  available  on  the  turbine  shaft  as  determinable  by  dynamometrical  test. 
Manufacturers'  rating  tables  are  based  on  efficiencies  usually  between  75  and  85  percent 
In  selecting  turbines  from  a  maker's  list  it  is  often  important  to  know  the  rated  effideiK?- 
This  may  be  obtained  by  the  following  formula : 
E= tabled  efficiency. 
H.  P. = tabled  horsepower,  and 

Q=tabled  discharge  (C.  F.  M.)  for  any  head  H. 
P,_  33,000XH.P.  ^  «2j,  ^  ILR 
62.4XQXH  QXH 

The  tabled  efficiencies  for  a  number  of  styles  and  sizes  of  turbines  are  shown  in  the  acoooh 
panying  table. 

Rated  efficiency  of  water  wheds. 

From  manufacturers'  power  tables.] 


Name  of  wheel. 

Diameter 
in  inches. 

Percentage 

of  efficiency 

at  10-foot 

head. 

PerwnUgt 

ofefficiCTcy 

at40-tooi 

hetd. 

Hercules 

24 
48 
20 
45 
34 
48 
24 
48 
34 
48 
22 
44 
36 
48 
34 
48 

81.530 
79.855 
80.800 
80.754 
79. 8n 
79.869 
80.004 
79.945 
80.000 
79.937 
80.110 
80.010 
79.830 
79.906 
79.914 
79.914 

7k& 

Do 

79iS» 

Samson 

«i« 

Do 

80.  s: 

United  States  (Camden)                     

79.W 

Do 

'             79.ffl 

Smith-McCormicic 

7«,9I3 

Do 

1%.^ 

New  Success .                      

79l«6 

Do 

79.W 

Xiesner  No.  1 

79LM1 

Do .' 

satji 

New  American 

n.m 

Do 

s-r? 

Victor 

3».» 

Do 

7e.9B 

- 
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Hie  effidency  at  which  wheels  are  rated  by  the  buildera  varies  slightly  with  the  size  of  the 
wheel,  as  weU  as  with  the  head,  in  many  cases.  Owing  to  the  different  weights  of  water 
ftssuiiied,  etc.,  the  efficiencies  of  wheels  intended  to  be  rated  at  80  per  cent  differ  slightly 
from  that  amount  where  computed  from  the  manufacturer's  power  tables. 

Prior  to  the  classical  experiments  of  James  B.  Francis  on  the  flow  of  water  over  weirs  in 
1852  at  the  lower  locks  in  LoweU,  the  diversity  of  formulas  used  for  calculating  flow  through 
turbines  makes  the  results  of  early  tests  incomparable  one  with  another,  and  the  accuracy  of 
mme  later  experiments  preceding  the  building  of  the  present  Holyoke  testing  flume  is  some- 
what in  doubt. 

It  can  hardly  be  said  that  there  has  been  a  progressive  growth  in  the  efficiency  of  tur- 
bines, as  the  foUowing  outline  of  the  results  of  successive  series  of  tests  will  show: 

In  1759  James  Smeaton  reported  tests  of  27  imdershot  water  wheels  showing  efficiencies 
varying  from  28  to  32  per  cent.  Similar  tests  of  16  overshot  wheels  showed  efficiencies 
varying  from  76  to  94  per  cent.a 

.  In  1837  M.  Morin  tested  several  Foumeyron  turbines.  One  at  St.  Blaise  showed  an  effi- 
ciency of  85  per  cent  under  354  feet  head.  For  another,  under  a  lower  fall,  88  per  cent  effi- 
ciency is  claimed,  b 

In  1843  Elwood  Morris  introduced  and  tested  Foumeyron  turbines  in  the  United  States. 
Turbines  in  Rockland  mills  and  Dupont  powder  mills,  Wilmington,  Del.,  showed  70  and  75 
per  cent  maximum  efficiency,  res])ectively. 

In  1844  Uriah  A.  Boyden  built  at  Lowell  the  first  Foumeyron  turbine  used  in  New  Eng- 
land, which  showed  on  completion  an  efficiency  of  78  per  cent,  c  It  is  claimed  that  some  of 
Boyden 's  later  turbines  showed  an  efficiency,  on  test,  of  88  to  92  per  cent. 

In  1859  and  1860  competitive  tests  of  19  wheels  at  Fairmount  Park  waterworks  showed 
efficiencies  as  foUows: 

Resulis  of  tests  qf  turbines  at  Fairmount  Parle,  Philadelphia,  Pa,,  in  1859-W. 


Efficiency. 


60  per  cent  or  leas 
50  to  65  per  cent... 
S3  to  60  per  cent.. 
W  to  66  per  cent . . 
60  to  70  per  cent.. 


Number  of 
turbines. 


Efficiency. 


70  to  76  per  cent, 
75  to  80  per  cent. 
80  to  86  per  cent 
Over  86  per  cent 


Number  of 
turbines. 


In  1876  Centennial  tests  showed  maximum  efficiencies  as  follows  for  17  wheels: 
Results  of  tests  of  turbines  at  Centennial  Exposition,  at  Philadelphia,  in  1876. 


EfBciency. 

Number  of 
turbines. 

Efficiency. 

Number  of 
turbines. 

60  to  65  per  cent 

1 
3 
4 

75  to  80  per  cent 

5 

65  to  70  ner  cent 

80  to  85  per  cent 

4 

70  to  75  per  cent        

Over  85  per  cent 

1 

The  large  majority  of  turbines  sold  at  the  present  time  are  made  at  the  shops  of  five  or 
MX  builders  whose  wheels  have  been  frequently  tested.  The  average  full-gate  efficiency 
shown  in  recent  Holyoke  tests  of  standard  patterns  is  close  to  80  per  cent. 

Some  early  wheels  showed  very  high  efficiencies,  but  prior  to  the  building  of  the  Holyoke 
flume  the  laige  majority  were  of  low  efficiencies. 

o  Evans,  OUver,  MiUwright's  Guide,  PhiJadelphia,  1853. pp.  131-154. 
ft  Journal  Franklin  Institute.  October  to  December.  1843. 
«  Francis,  J.  B.,  Lowell  Hydraulic  Experiments. 
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During  the  past  thirty  years  the  general  standard  of  efficiency  of  turbines  has  been 
steadily  raised,  although  the  maximum  attained  may  not  exceed  that  of  some  early  forms. 
Tho  uniformity  of  each  maker's  wheels,  as  well  as  their  strength  and  durability,  has  increased 
This  increase  in  uniformity  and  durability  has  been  accompanied  by  a  marked  development 
in  capacity  and  by  the  production  of  good  part-gate  efficiencies. 

From  15  to  25  per  cent  of  the  gross  power  of  the  water  is  wasted  by  the  better  class  of 
turbines.     This  waste  is  due  to  the  following  causes: 

1.  Shaft  friction. 

2.  Skin  friction  on  the  guide  and  bucket  surfaces. 

3.  Leakage  through  clearance  spaces,  etc. 

4.  Terminal  velocity  of  the  water  on  leaving  the  wheel. 

5.  Production  of  swirls,  or  vortices,  in  the  water  within  the  turbine,  some  of  the  energy 
of  the  water  being  thus  converted  into  internal  motion,  which  is  ineffectual  in  producing 
power.     How  this  occurs  is  illustrated  in  figure  12  (after  Vigreux). 


FiQ.  12.— Diapram  showing  interferpnco  and  formation  of  eddies  In  a  turbine.    (After  Vigreux.) 
Unwin  classifies  the  lost  energy  of  turbines  as  follows: a 

Clasmfication  of  lost  energy  of  turbines. 

C'liaractor  of  loss.  1  Per  cent. 


Shaft  friction  and  leakage '  lO-H 

Unutilized  energy '  3-7 

Friction  and  shock  in  guide  and  wheel  passages  (i.  o.,  skin  friction  and  Internal  motion) ....{  10- IJ 


Total ■ I  36-37 


There  appears  to  l^e  little  probability  of  further  marked  increase  in  turbine  efficiency. 
Compared  with  sti'am  engines  or  other  forms  of  prime  movers,  water  wheels  yield  a  laiigff 
percentage  of  the  gross  power  available  than  any  other  type  of  machine  or  power-yielding 
medium.     The  accompanying  diagram  (fig.  13)  shows  the  efficiency  of  various  prime  movers. 

TURBINE    TESTING. 
GKXERAI.  REVIEW. 

Tlic  testing  of  water  wheels  may  be  considered  to  have  begun  with  the  work  of  Janifs 
Smeaton,  whose  results  of  tests  of  undershot  and  overshot  water  wheels  were  communi- 
cated to  the  Royal  Society  of  London  in  May,  1759. 

The  next  important  results  are  those  of  General  Morin,  in  1837,  from  early  turbines  of 
the  Foumeyron  type.     General  Morin's  experiments  represent  a  very  high  grade  of  §ciefl- 


a  Unwin,  W.  C,  On  the  Development  and  Transmission  of  Power,  p.  104. 
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tific  research  and  have  formed  the  pattern  for  later  work.  These  results  have  heen  trans- 
lated into  English  by  Elwood  Morris,  and  are  worthy  of  examination  by  students  of  hydro- 
mechanics.a 

Tests  of  American  Foumeyron  turbines  were  made  by  Elwood  Morris  in  1843.  From 
1844  to  1851  important  tests  of  Foumeyron  and  Francis  turbines  were  made  by  Uriah  A. 
Boyden  and  James  B.  Francis.     These  tests  included  Boyden-Foumeyron  turbines  con- 


EFFICIENCY  PER  CENT 
40        50         60        70        80         90        IPC 


Simpfe  h/'gh-apeecf  nonconcfena/na 
engine 


Simple  loft^-speed  noncondenaing 


Compound  higfhspeecf  noncondensing 


Tripie  expansion  highspeed 
noncondensing 


Simpie  highspeed  condenaing 


Simple  loii¥^peed  condenaing 


Compound  highspeed  condensing 


Compound  lomapeed  condenaing 


Triple  expanaion  highspeed 
condensing 


Triple  expansion  low-apeed 
condenaing 


Probabie  maximum  steam  engines, 
^5  lbs,  et/aporation 


Gaa  engine  (illuminating  gas) 


EN6IN£S 


Fig.  13.— Diagram  showing  efficiency  of  various  prime  movers. 

structed  for  the  Appleton  Mills  in  1846,  under  an  agreement  in  which  Mr.  Boyden  was  to 
receive  a  bonus  of  $400  for  every  1  per  cent  of  power  in  excess  of  78  per  cent  efficiency. 
The  computations  of  these  tests  were  made  by  James  B.  Francis,  who  found  a  mean  maxi- 
mum efficiency  of  88  per  cent.     Mr.  Boyden  was  accordingly  awarded  $4,000  premium. 
In  1859  and  1860  a  series  of  competitive  tests  was  carried  out  by  the  city  of  Philadel- 

a  Journal  Franklin  Institute,  October  to  December,  1843. 
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phia  at  Fairmount  waterworks,  by  Henry  P.  M.  Birkinbine,  chief  engineer.  Tlie  wheet 
tested  were  chiefly  of  the  scroll,  spiral,  and  Jonval  types.  Efficiencies  from  47  to  82  per 
cent  were  obtained,  with  the  exception  of  one  wheel  of  the  Jonval  type,  reported  to  btTp 
yielded  88  per  cent. 

Before  the  development  of  turbine  testing  at  Holyoke  is  considered,  mention  may  be 
made  of  the  Centennial  tests  of  1876,  results  of  which  are  given  on  pages  25-29.  These  testj» 
did  much  to  stimulate  improvement  in  general  efficiency  and  entailment  of  capacity  of 
American  tjrpe  turbines. 

In  1868  a  testing  flume  was  constructed  by  A.  M.  Swain  at  Lowell  from  designs  by  Janxs 
B.  Francis.  James  Emerson  was  engaged  to  construct  a  Prony  brake  and  conduct  the 
tests.  Tests  of  the  Swain  wheel  were  also  made  by  Mr.  Boyden  and  Mr.  Frauds  and  the 
Lowell  flume  was  opened  to  the  public,  under  the  charge  of  Mr.  Emerson «  who  conducted  it 
as  a  p>ersonal  enterprise,  paying  for  the  water  used. 

In  1871  and  1872  a  new  testing  flume  was  erected  at  Holyoke,  and  continued  under 
the  charge  of  James  Emerson  until  about  1880.  An  important  series  of  tests  was  mtde 
in  this  flume  by  the  Holyoke  Water  Power  Company  in  1879  and  1880  under  the  personal 
supervisipn  of  Theo.  G.  Ellis,  Samuel  Webber,  and  James  Emerson.  The  wheek  tested 
at  this  time  were  chiefly  of  the  early  American  type,  having  both  inward  and  downward 
dischai^. 

In  1882  the  present  testing  flume  of  the  Holyoke  Water  Power  Company,  designed  by 
Clemens  Herschel,  was  completed.  The  growth  of  the  water-wheel  testing  at  the  Hol- 
yoke flume  is  illustrated  by  the  following  table,  from  data  furnished  by  A.  F.  SickmtD, 
hydraulic  engineer  of  the  Holyoke  Water  Power  Company: 

Orowih  of  turbine  testing  at  Holyoke  testing  fiume. 


Year. 

Serial  num- 
ber of  flral 
test. 

Number  of  1 

wheels 
tested  dur-l 
Uigyear.  1 

Year. 

Serial  num- 
ber of  first 
test. 

Number  of 

wh»l* 
tested  dur- 
ing year. 

1881 

36 
79 
131 
227 
291- 
310 
34$ 
396 
441 
466 
507 
561 

43  ' 

52 

96 

67 

19 

38 

^ 
45 
25 
41 
54 
89 

1893 

650 
734 
814 
883 
970 
1009 
1165 
1222 
1316 
1388 
1442 

U 

1882 

1894 

m 

1883                            

1895 

60 

1884 

1896 

87 

1885 

1897 

99 

1886 

1898,                  

ft 

1887                  

1899 

57 

1888 

1900 

94 

1889 

1901 

n 

1890 

1902 

5i 

1891 

1903 

59 

1892 

CENTENNIAL.    TURBINE  TESTS. 

A  series  of  22  tests,  a  r<^sum^  of  which  is  given  in  following  tables,  were  obtained  »t 
the  United  States  International  Exhibition,  Philadelphia,  1876,  under  direction  of  Samu^^ 
Webber.o  The  effective  head  utilized  in  these  experiments  was  about  30  feet,  and  there- 
fore greater  than  that  used  at  Holyoke  or  elsewhere.  Many  of  the  turbines  were  of  typf* 
that  have  since  come  into  general  use.  The  results  of  the  tests,  therefore,  give  valuable 
information  relative  to  the  capacity  under  partial  and  full  gate  of  a  variety  of  old-type 
turbines  under  as  great  heads  as  were  commonly  used  thirty  years  ago. 

The  water  supply  for  the  tests  was  pumped  into  an  overhead  tank  of  19,000  gallons 
capacity  by  means  of  two  Cataract  centrifugal  pumps.     From  this  tank  it  was  conducted 


o  See  Reports  and  Awards,  V. 
ment,  February  17  and  March  13, 


S.  Centennial, 
1877. 


vol.  6,  pp.  327-367:  also  Scientific  American  Suppte* 
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to  the  flume  in  which  the  turbine  was  contained  by  a  vertical  wrought-iron  pipe  4  feet  in 
diameter,  having  a  quarter  turn  at  its  lower  end  where  it  entered  the  flume.  The  flume 
was  of  wrought  iron,  8  feet  in  diameter  and  6  feet  in  height.  The  discharge  was  measured 
by  means  of  a  thin-edged  weir  placed  across  the  lower  end  of  the  brick  tailrace.  The  depth 
of  overflow  was  determined  by  means  of  a  hook  gage  and  stilling  box  6  feet  upstream 
from  the  weir,  and  the  dischaige  was  computed  by  means  of  the  Francis  formula.  The 
power  was  measured  by  means  of  a  friction  dynamometer.  Each  experiment  comprised 
a  record  of  the  water  used  and  of  the  speed  and  power  at  a  given  load  and  setting  of  the 
gate,  covering  a  period  of  one  or  two  minutes.  Allowance  was  made  for  leakage  of  the 
flume  in  the  reduction  of  the  experiments. 

The  water  supply  was  limited  to  about  1,860  cubic  feet  per  minute,  which  was  foimd 
insufficient  for  proper  testing  of  the  Cope  and  Hunt  turbines.  Most  of  the  wheels  were 
tested  as  they  came  from  the  shop^  without  special  finish  or  preparation. 

The  results  of  the  tests  are  probably  consistent  among  themselves,  although  the  gen- 
eral accuracy  of  the  tests  has  been  questioned. 

Summary  of  tests  of  turbines  at  the  Centennial  Exhibition^  PhUaddphia^  1876. 

20-INCH  BARBER  &  HARRIS.a 

[Tested  September  18, 1876.] 


Gate 

(pro- 
por- 
tional 
part). 

Revolutions  per  minute. 

Mean 
dis- 
charge 
in  sec- 
ond- 
feet. 

Mean 
horse- 
power. 

Percentage  of 
efficiency. 

Num- 
ber of 
tests. 

Mean 

head 

in  feet. 

1 

Maxi-     Mini- 
mum.     mum. 

1 

Mean. 

At 
maxi- 
mum 

effi- 
ciency. 

Maxi-  •   J.          1 
mum.     "®*°- 

1 

2 

8 

4 

6 

6 

343.6 
380.5 
283.25 
249.5 

7 

330.5 
380.5 
299 
271.5 

8 

9 

10    ;     11    1 

1.000 
.875 
.75 
.50 

4 
1 
2 
2 

31.21 
31.27 
31.425 
31.64 

1 
354      j    330.5 

380.5  1    380.5 
299      1    267.5 

271.6  j    227.5 

13.622 
12.855 
9.924 
6.767 

35.677 
33.484 
23.73 
14.603 

76.08 
73.62 
71.30 
71.77 

73.43 
73.62 
68.69 
60.23 

30-INCH  RISDON.e* 
[Tested  September  21,  1876.] 


252.5       259 


266 


27.763 


I    252        I    257  23.446 

I    243        I    248      I    20.148 
I    263.16  I    258      |     15.949 


82.84 
60.53 
57.33 

41.78 


87.68 
86.20 
82.41 
75.35 


86.56 
85.60 
81.83 
74.55 


24-INCH  KNOWLTON  &  DOLAN.*? 
[Tested  September  23,  1876.] 


1.000 

6 

30.763 

333.5 

282.5 

307.75 

333.5 

1 
25.281  1 

67.47 

77.43 

76.68 

.875  1 

3 

30.863 

1 

299.5 

283.5 

291.83  ' 

1 

299.5 

22.581  i 

58.323 

73.34 

1 

72.69 

.50 
.625  1 

4  '  31.19 

270.5  1 

1 
1 

233 

2.'i0.88 

233 

15.929  ' 

1 

34.99 

62.73  1 

62.24 

•sMade  by  Barber  &  Harris,  Meadford,  Ontario. 
6  Made  by  T.  H.  Risdon  &  Co.,  Mount  Holly.  N.  J. 
eMade  by  Knowlton  <Sc  Dolan,  Logansport,  Ind. 
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Summary  of  tests  of  turbines  at  the  Centennial  Exhibition,  Philadelphia,  1876 — CoDtimied 

24-INCH  WOLFF.a 
[Tested  September  25, 1876.] 


Gate 

(pro- 
par- 
tional 
part). 

Num- 
ber cf 
tests. 

Mean 
head 
in  fret. 

Revolutions  per  minute. 

Mean 
dis- 
charge 
Id  sec- 
ond- 
feet. 

Ferocnta^  cX    - 
efBcwacj. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

At 
maxi- 
mum 

effi- 
ciency. 

Mean 
horse- 
power. 

Maxi- 

mum. 

MeAn. 

1 

1.000 
.75 
.50 
.333 

.     1     s 

4 

6 

6 

7 

8 

9 

10     ,       11 

'7 

2 

1 

'2 

30.58 
30.81 
31.06 
31.425 

305      1    266         290.07 
297.5       276.5     287 
287.5  1    287.5     287.5 
282.5       272.5     277.5 

297 
276.5 
287.5 
272.5 

27.349        68.12 
21.911         53.83 
15.256         34.50 
12.024    1    25.51 

1 

72-75 
71.50 
64.90 
60.22 

72.03 
70.» 
64.90    ; 
59.75 

l.OCO 


24-INCH  WOLFF  o  (SECOND  TEST). 
[Tested  October  15, 1876.] 


1 

1.000 

7 

30.15 

320 

1     267.5 

296.21 

'    320 

,  25.451 

64.423 

74.80 

73.62 

.75    ' 

2 

30.5 

309 

1    298 

299 

1    298 

1  19.430 

49.03 

74-00 

72.75 

.625  ( 

1 

30.83 

284 

284 

284 

!    284 

15.028 

34.08 

05.00 

65.00 

.50    1 

2 

30.80 

290    • 

1    271 

280.5 

290 

1  12.996 

1 

28.01 

61.60 

61.54 

24-INCH  N0YE8  &  SONS.* 
[Tested  September  26-27, 1876.] 


1.000 

8 

30.976 

325 

269 

1 

j  301.812 

317 

16.035 

35.29 

65.66 

62.80 

.875 

1 

31.16 

317 

317 

1  317 

317 

;  14.326 

32.97 

65.46 

65.46 

.75 

3 

31.206 

314 

289 

1  301 

289 

13.657 

28.83 

61.27  ' 

59.94 

.625 

1 

31.29 

293 

293 

1  293 

293 

11.237 

25.78 

64.80  1 

64.80 

.50 

3 

31.28 

289.5 

256.5 

272.83 

256.5  1  10.787 

! 

19.55 

52.52 

51.34 

30-INCH  E.  T.  COPE  <fe  SONS.c 
[Tested  October  19^  1876.] 


29.88 


274 


223 


250.08    '     258 


27.605 


65.75 


78.7 


70.07 


25-INCn  TAIT^ 
[Tested  October  23,  1876.] 


1.000  1 

10 

1 
31.038  ' 

331 

243 

288.7 

1    288.5 

15.939 

1 
44.198  1 

82.03 

79.28 

.75     1 

3 

31.32     1 

322.0 

292 

'  305.67 

1    292 

11.6297 

29.26 

72.6 

70.8 

.50 

3 

31.44     1 

277.5 

258 

'  266.83 

1    258 

9.59 

22.387  I 

66.2 

65.43 

.25     1 

3 

31.537  ' 

268.5 

24.5 

1  259.51 

1    265 

6.541 

12.423 

54.5 

53.1 

.30     I 

2 

31.595  ' 

2.55 

235 

|245 

255 

4.824 

7.33 

46.9 

44.95 

.125  1 

1 

2 

31.61     1 

277 

266 

^  271.5 

!    266 

1 

4.702 

5.96    1 

i 

37.7 

35.3 

a  Made  by  A.  N.  Wolff,  Allentown,  Pa. 
6  Made  by  John  T.  Noves  &  Sons,  Buffalo,  N.  Y. 
cMade  by  K.  T.  Cope  &  Sons.  West  Chester,  Pa. 
d  Made  by  Thomas  Tait,  Rochester,  N.  Y. 
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Summary  of  tuts  of  turbines  at  the  Centennial  Exhibition,  Philadelphia,  1876 — Continued. 

36-INCH  OEYELIN  DUPLEX.- 
[Tested  October  31, 1876.] 


Gate 
open- 

Inp        Num- 
(pro-      berof 

por-       tests. 
tional 
part). 

Mean 

bead 

in  feet. 

Revolutions  per  minute. 

Mean 
dis- 
charge 
in  sec- 
ond- 
feet. 

Percentage  of 
efficiency. 

Maxi- 
mum. 

! 

Mini-      w„„„ 
mum.  1   ^""• 

, 

1 

At 
maxi- 
mum 

effi- 
ciency. 

Mean 
horse- 
power. 

1 

! 

1              2 

8 

4 

6      '       6       j       7      1       8 

» 

10     1       U 

.50             13 

?i).235 

260 

181           221.3    1     190      1     17.189 

39.980 

71.4       67.78 

1.000 


1.000 
.50 

.75 

.333 


3ft-INCH  OEYELIN  DUPLEX.- 
[Tested  November  2,  1876.] 


9  I  29.547       223.5  |     185.5  !    200. 


217.5       26.52 


68.24 


36-INCH  OEYELIN  SINOLE.a 
[Tested  November  3, 1876.] 


29.58  I  213.5   190.5  |  204.93  j  213.5   24.837  I  66.196 


83.3       79.41 


24-INCH  RODNEY  HUNT.6 
[Tested  November  9, 1876.] 


29.282  I 
30.25  I 

29.655 

i 
•iO.455   j 


328 
312 

306 

266 


276 
287.5 

278 

223 


302.67 
299.83 

292.75 

I 
245.25 


295 
312 
298 
289 
266 


30.754  j  79.60 

2L395  ;  50.31 

27.849  66.65 

18.507  I  32.227  1 


on.  t£  I 
71.40  ' 
5L30  I 


77.95 

68.57    I 


71.22 
50.35 


30-INCH  STOUT,  MILLS  &  TEMPLE.^ 
[Tested  November  10,  1876.] 


1.000 

7 

29.464  1 

1 
245.5 

201 

'  226.143 

231 

.50 

4 

29.69    i 

259 

230 

245.75 

230 

.25 

3 

30.95 

204      ! 

181 

189 

182 

I 

27.95  ,  63.091 

22.784  50.922 

11.619  24.072 


68.4  I 
69.13  I 
59.91 


67.53 
66.56 
59.03 


27-INCH  OOLDIE  &  McCULLOUGH.d 
[Teste<i  October  2,  1876.] 


1.000 

9 

30.198 

320 

1     281.5 

299.44 

1 
281.5 

27.419 

73.452  ' 

1 
82.2 

78.28 

.75 

2 

30.14     , 

285 

,     280 

282.5 

280 

22.848 

55.36 

71.93 

70.96 

.625 

2 

30.59 

352 

1    350 

351 

350 

22.425 

39.305 

54.10 

50.6.5 

.50 

1 

2 

30.65 

325 

,    312 

318.5 

312 

19.980 

40.715 

60.5 

1 

58.6 

aMatle  by  R.  D.  Wood  &  Co.,  Philadelphia,  Pa. 
6  Made  by  Rodney  Hunt,  Orange.  Mass. 
cMade  bv  Stoit,  Mills  ^  Temnle,  Davton,  Ohio. 
dMade  by  Goldie  &  McCuIlough,  Gault,  Ontario. 
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Summary  cf  tests  of  turbines  at  the  Centennial  Exhibition,  PhUaddphia,  i^6— Contmued. 

30-INCH  TYLER.a 
[Tested  October  4, 1876.] 


Gate 
open- 
ing 
(pro- 
por- 
tional 
part>. 

Num- 
ber of 
tests. 

i 

1  Mean 

head 

in  feet. 

S 

Re 

Ma:u- 

mum. 

4 

solutions  per  minute. 

Mean 
dis- 
charge 
in  sec- 
ond- 
feet. 

8 

Mean 
horse- 
power. 

Peroentsged  | 
efitciency. 

Mini- 
mum. 

Mean. 

At 
maxi- 
mum 
efB- 
dency. 

Maxi- 

mum. 

"-1 

1 

6              7 

• 

!•           11     I 

1.00 

8 

30.05 

294 

251 

276.6^        257 

27.143 

71,648 

79.55      77.31 

.875 

1 

30.10 

286.5 

286.5 

286.5          286.5 

24.017 

66.47 

81.09      81. » 

.75 

3 

30.413 

261 

246 

254.5          261 

20.043 

52.96 

79.85      73.66 

.50 

2 

30.62 

260 

247 

253.5          247 

18.432 

42.535 

77.10  ,    66.55 

.333 

1 

30.80 

240 

240 

240 

240 

14.2505 

34.56 

69.50      69.50 

1 

1.00 
.875  ' 
.75 
.50 
.375 


30-INCH  TYLERa  (SECOND  TEST). 
[Tested  October  24, 1876.] 


1.000  ' 

1 
6  >  30.345 

294 

262 

276.5 

281 

27.491 

69.620 

74.10 

73.55    ' 

.875 

1     30.50 

280 

280 

280 

280 

24.92 

62.72 

72.15 

72.15 

.75 

2  1  30.42 

268 

255 

261.5 

268 

21.2672 

50.31 

73.00 

69.00 

.625 

2     30.59 

262 

218 

240 

262 

18.1905 

39.45 

64.20 

62.30 

.50    , 

2     30.715 

247 

242 

1 

244.5 

1 

242 

16.4572 

1                 J 

34.22 

60.30 

50.65 

1 

26i-INCH  BOLLINQER.6 
[Tested  October  10, 1876.] 


1.000  ' 

4 

30.302 

310 

292.5 

300.62 

292.5 

23,004 

54.68    1 

70.4 

69.25    , 

.875 

2 

30.46 

300 

290 

295          1 

290 

21.49 

50.72    ! 

68.6 

68.3 

.75    ! 

3 

30.617 

306 

290 

298.67    1 

300 

18.40 

40.577  1 

63.8 

62.9 

.50    , 

2 

30.805  , 

290 

274.5 

282.25     1 

274.5 

15.647 

32.71     1 

60.2 

50.95    1 

.375 

2 

30.55 

291 

263 

277 

263 

12.805 

24.266 

67.2 

54.3     ; 

27-INCH  YORK,  NO.  2.6 
[Tested  October  12,  1876.] 


I 
12  I  30.504 

2  !  30.60 

2  I  30.  71 

2  ;  30.85 

2  I  31.015 


312 
318 
290 
277 
300 


232 
300 
280 
268 
285 


274.37.5 

309 

285 

272.5 

292.5 


246.5 
300 

280 
268 
285 


20.2244 

18.4685 

17.229 

15.6415 

13.555 


48.755 

41.05 

39.88 

35.05 

29.22 


73.6 

67 

67.45 

67.5 

62.01 


I 


60. 6S 
65.5 
67.0 
66.7 
61.33 


27-INCH  YORK,  NO.  3.«- 
[Tested  October  13,  1876.] 


1.000  { 
.75 


0     29.972 
4  '  30.42 


265.5  I 


212 
233 


247.28         235 
247.5      I    233 


22.685 
16.822 


45.677  ; 
32.602 


66.9    < 
60.58 


50.41 
56.58 


aMade  by  Putnam  Machine  Company,  Fltchburg,  Mass. 

b  Made  by  York  Manufacturing  Company,  York,  Pa. 

c  Made  by  National  Water  Wheel  Company,  Bristol,  Conn. 
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Stanmary  of  tests  of  turbinM  at  the  Centennial  ExhUntionf  PhUadelpkia,  1876 — Continued. 

25-INCH  NATIONAL.a 
[Tested  October  18, 1876.] 


Gate 

1^ 

(pro- 
por- 
tional 
part). 

Num- 
ber of 
tests. 

Mean 

bead 

in  feet. 

Revolutions  per  minute. 

Mean 
dis- 
cbai:ge 
In  sec- 
ond- 
feet. 

Mean 
borse- 
power. 

Percentage  of    1 
efficiency. 

j 

Maxl- 
mum. 

M»"^-  1   Mean 
mum.  1  '*®*°- 

1 

At 
maxi- 
mum 
effi- 
ciency. 

1 
i 

^**^'  1   Mean 
mum.  1   **»*»•  I 

1 

1 

8 

S 

4 

6 

6 

7 

8 

• 

10 

"      1 

1.000 
.76 

11 
2 

30.186 
30.685 

330.5 
312 

226.5 
292 

276.13 
302 

279 
292 

21.809 
17.076 

60.15 
40.995 

83.7 
70.5 

80.63    1 
68.9      1 

i 

24-INCH  CHASE.b 
[Tested  November  fr-7  1876.] 


1    1.000  1 

11 

29.725 

399      ' 

304' 

356.18 

3» 

25.794 

54.802 

68.30 

62.99 

.75    ' 

5 

29.47    1 

435      ' 

325 

366 

360.« 

23.506 

5U801 

67.6 

65.74 

.«., 

3 

30.073 

1 

372.5 

3281 

360.17 

328 

18.747 

36.30 

57.3 

56.6 

24-INCH  WILLIAM  F.  MOSSER.c 
[Tested  October  6, 1876.] 


1.000 

1  a 
16 
1  c 
Id 
1  e 
1  / 

30.56 

1 

300        1 

289.5    1... 

276        1 

19.396  J 

19.741  1 

19.972 

19.664 

19.189 

18.978 

18.676 

18.523 

15.806 

15.488 

15.169 

15.028 

14.747 

13.334  1 

13.029  1 

50.40 

75.09    ' 

1.000 
1.000 
1.000 
1.000 
1  000 

30.58 
30.58 
30.60 
30.60 
30.62 
30.65 
30.67 
30.90 

i 

50.95      

50.78    1 

50.00    i 

49.63    j 

49.25    ! 

48.48    , 

46.72    ' 

39.74     

38.76     

37.52    j 

36.09    ; 

74.60 

1 

73.40    ' 

I 

312.5 

326.5 

342 

356.5 

365 

73.43    ! 

74.62    1 

74.80 

*-W"    1            -J 

1  000  1        1  a 

74.39    1 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

72.68    1 

1 

310.5     

m     1 

335         

347         

355         

312         

343    ...:.... 

71.63    , 

30.95 
31.00 
3L02 
31.03 

1 

71.48 

1 

70.50    1 

68.2 

34.08     j    65.74 

31.10 
31.00 

20.95     [    63.80    , 

30.18     1    65.8 

1 

Mw« 

30.79 

1 

326.23 

r 

17.116  1 

1 

42.835 

!              1 

1 

'         '1              ' 

•  Made  by  National  Water  Wheel  Company,  Bristol.  Conn. 

^  Made  by  Chase  Manufacturing  Company,  Orange,  Mass. 

e  Made  by  William  F.  Mosser,  Allentown,  Pa  This  test  has  l>een  included  in  full  in  order  to  show  the 
ranee  in  variation  in  discharge  resulting  from  variation  of  the  load  and  speed,  the  bead  and  gate 
opening  remaining  nearly  the  same  throughout  the  test. 
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TURBINE  TESTS  BT  JABIBS   EMERSON,  AND  THE   HOLTOKE   HTDRODT^iAUC 
EXPERIMENTS  OF  1879-80. 

James  Emerson  was  a  man  of  great  mechanical  skill  and  ingenuity,  but  of  limited  educi- 
tion.  A  seaman  in  early  life,  he  took  up  water-wheel  testing  by  a  mere  accident  of  ciroam- 
stances,  and  developed  testing  flumes  at  Lowell  and  Holyoke  which  were  forerunners  of  the 
present  Holyoke  testing  flume.  The  results  of  his  tests,  covering  the  period  from  1869  to 
1880,  may  be  found  in  his  treatise  on  hydrodynamics,  etc.« 

As  a  rule,  the  proportion  of  full-gate  opening  for  wheels  running  at  part  gate  is  oinitt«<j 
in  his  reports.  Many  of  the  wheels  tested  were  experimental,  but  a  number  of  selected  tfst* 
of  types  of  wheels  which  have  continued  in  use  to  the  present  time  are  given  in  the  follow- 
ing tables.  Cases  are  very  rare  where  tests  of  the  same  turbine  are  given  under  widely 
varying  heads.    The  following  data  from  Emerson's  Hydrodynamics  are  of  interest: 

Tests  of  a  30-inch  Rodney  HurU  wheel  under  two  heads. 


Mean  head 
in  feet. 


I 


18.35 
12.16 


Number 
of  tests. 


9 
10 


Mean  revo- 
lutions. 


Mean  dis- 
charge In 
seoond-feet. 


Ratio  of— 


Square 
roots  of 
heads. 


Revolu- 
tions. 


170.39 
145.78 


24.36 
19.75 


1.000 
.814 


1.000 
.855 


Discharge. 

1.000 
.811 


The  discharge  is  very  nearly  proportional  to  the  square  root  of  the  head,  indicating  prac 
tically  constant  bucket  and  guide  discharge  coefficients  throughout  this  range  of  beads- 
Comparative  tests  of  a  30-inch  Tyler  wheel,  set  in  a  scroll  case  and  in  an  inside  ^egis(e^ 
gate  case,  are  also  of  interest.    These  tests  also  show  the  great  reduction  in  efficiency  that 
may  result  from  poor  finish,  friction,  or  imperfect  balancing  of  the  buckets. 

Tests  of  the  Case  National  wheel  show  the  efl'ect  on  dischai^  and  power  which  result*- 
from  cutting  off  the  supply  successively  from  one-fourth,  one-half,  and  three-fourths  of  ik 
circumference  of  the  wheel. 

The  Holyoke  competitive  tests  of  1879-80  ^  Were  carried  out  in  response  to  a  circular 
issued  to  turbine  builders  by  the  Holyoke  Water  Power  Company,  William  A.  Chase,  igent, 
requesting  them  to  submit  turbine  water  wheels  for  testing.  The  tests  were  made  under 
the  general  supervision  of  James  Emerson.  Check  observations  were  made  by  SamueJ 
Webber  and  the  computations  were  submitted  to  him  for  verification  on  the  part  of  the 
water  power  company.  Theodore  G.  Ellis  represented  the  interests  of  the  turbine  builders- 
These  results  are  probably  more  accurate  than  those  hitherto  obtained. 

A  number  of  tests  were  made  of  Victor,  American,  Hunt,  Leffel,  Hercules,  and  other  types 
of  turbines  from  the  same  patterns  as  wheels  still  in  use  at  many  places.  The  most  com- 
plete of  these  tests  are  included  in  the  following  tables,  together  with  earher  tests  by 
James  Emerson. 

Tests  of  similar  wheels  have  been  grouped  together  for  convenience.  Results  obtained  in 
the  Holyoke  competition  of  1879  and  1880  can  be  distinguished  by  date.  The  tests  of » 
15-inch  Victor  wheel,  set  in  a  flume,  and  also  with  various  sized  draft  tubes,  are  of  interest  as 
being  the  first  recorded  tests  of  this  character.  They  also  show  the  importance  of  using » 
draft  tube  of  ample  size,  perfectly  air-tight. 

It  has  been  said  of  Emerson's  tests  that  they  frequently  showed  unaccountable  inegu 
larities.  Many  tests  obviously  abnormal  have  been  omitted  in  the  present  publicatioo 
Others  are  retained  chiefly  because  they  give  the  only  available  record  of  the  capacity  d 
types  of  wheels  which  have  been  extensively  used. 


a  Emerson.  James,  Treatise  Relative  to  the  Testing  of  Water  Wheels  and  Machinery. 
*  Complete  results  will  be  found  In  "Holyoke  Hydrodynamtc  Experiments,"  published  by  Holyoke 
Water  Power  Company,  Holyolce,  MaM.,  1880. 
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Summary  of  James  Emerson's  tests  of  turbine  water  wheels, 
40-INCH  LEFFEL,  PIVOT  OATE.a 
[Tested  October,  I860.] 


:    Oita 

■  %°- 

(pro- 
por- 
tional 
part). 

Num- 
ber of 
tesU. 

Mean 

bead 

in  feet. 

Revolutlona  per  minute. 

Mean 
dl<^ 
charge 
in  see- 
ond- 
feet. 

Mean 
horse- 
power. 

Percentage  of 
efficiency. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

At 
maxi- 
mum. 

ftffl- 
ciency. 

7 

Maxi- 
mum. 

Mean. 

1 

2 

S 

4      '       6 

6 

8 

• 

10 

11 

1.000 

7 

7 

14.272 
14.132 

147. 1       124 
131.4  '     120.5 
128.0  1     128.0 

136.2 

130.5 

128.0 

126.2 

127.2 

127 

110.4 

125.3 

130.5 

120.2 

132.6 

131.4 

128.0 

126.2 

125 

127.6 

123.1 

125.3 

121 

120.2 

37.435 
35.406 
34.536 
32.533 
33.277 
32.004 
30.020 
30.358 
23.528 
16.422 

70.7 

76.0 

.93 

79.6  1      70.0 
78.0  1      7&0 
78.3        78.3 

.875 

1      14. 21 

-827  '            1 

14.285  '     126.2       126.2 

.818 

3 
2 
2 

14.201 
14.251 
14.251 

128.4       125 

70.6 
78.4 
78.7 
70.4 
72.0 
67.5 

70.0 

78.4 

78.7 

79.2 

69.56 

67.5 

.80 

127.6 
123.1 
126.1 
130.0 
120.2 

126.3 

115.8 

124.4 

121 

120.2 

' 

.751 

.747 

3  1  14.011 
5     14.642 
1      14.038 

.56 

.373 

30.INCH  LEFFEL.« 


!      LOOO  1 

14 

15.40 

201 

135.5  1 

167 

175 

24.306 

28.80 

74.3 

0.0 

.75     ! 

1 

15.65 

161 

161 

161 

161 

18.446 

^1.05 

66.4 

66.4 

.50 

1 

16.037 

165 

165      I 

1 

165 

165 

10.624 

13.13 

50.1 

50.1 

20-INCH  CASE  NATIONAL,  REGISTER  GATE.* 
[Tested  August  22, 1872.] 


1.000 

4 

18.695 

342.5 

237.2 

260 

237.2 

11.905 

18.50 

76.3 

73.3 

.75 

4 

18.84 

254.5 

237.5 

248.2 

237.5 

9.291 

13.23 

71.2 

65.9 

.50 

4 

18.055 

248.5 

247 

247.6 

247 

6.506 

8.01 

60.4 

56.4 

.26 

4 

10. 112 

240 

107.5 

232.0 

240 

3.266 

2.74 

43.8 

38.4 

24-INCH  CASE  NATIONAL,  REGISTER  GATE.*' 
[Tested  September  27, 1872.] 


1.000  . 


4     15.58    I    655.1       139.5        291.2       655.1       12.455       10.745 


9.5 


47.6 


aO-INCH  CASE  NATIONAL.  REGISTER  GATE.* 
[Tested  August  19, 1872;  16  chutes,  4  closed  at  a  time.] 


1.000 

1 

18.35 

133 

133 

133      , 

133      ' 

24.627 

30.23 

61 

61 

.75 

1 

18.61 

153 

153 

153      ' 

153 

15.006 

18.43 

58.3 

58.3 

.60 

1 

18.78 

154.5 

154.6 

154.5  1 

154.5  1 

9.817 

10.53 

50.5 

50.5 

.25 

1 

18.19 

141 

141 

141 

1 

141      I 

5.613 

4.16 

37.7 

37.7 

a  Made  by  James  Leffel  <{r  Co.,  SpringHeld,  Ohio. 

5  Made  by  National  Water  Wheel  Company,  Bristol,  Cozm. 
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Summary  of  James  Emerson's  tests  oftuihine  water  wheda — Contmued. 
40-INCH  CASE  NATIONAL.- 
[Tested  January  21, 1872;  16  chutes,  4  closed  at  a  time.] 


Gate 

(pro- 

tlonal 
part). 

Num- 
ber of 
tests. 

Mean 

bead 

in  feet. 

Revolutions  per  minute. 

Mean 
dis- 
chai^ 
in  sec- 
ond- 
feet. 

Mean 
horse- 
power. 

Feroentageof 
efficinry. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

At 
maxi- 
mum 

effi- 
ciency. 

Mazi- 

Mean. 

1 

2 

8             4 

6 

6 

7 

8 

• 

10 

11 

1.000 

i    .75 

.50 
.25 

1 

1 
1 

17.76 
18.40 
ia85 
19.26 

163.5 
158 
158 
156 

163.5 
158 
158 
156 

163.5 
158 
158 
156 

>  ■ 
163.5       32.914 
158          35. 179 
168          17. 192 
156          10.304 

48.30 
32.31 
17.59 
4.6 

72.9    '     7X9 
61.6         61.6 
47.9         47.9 
20.5         20.5 

50-INCH  CASE  NATIONAL.- 
[Tested  August,  1873.] 


1.000     6 


16.36   114 


92 


103.5    97   I  79.73     109    74-86 

! 


73.84 


20-INCH  AMERICAN.  PIVOT  GATE.  6 
[Tested  November  12, 1873.] 


1.000  I  1 


18.85     253.5 


253.5 


253.5       253.5       10.109 


14.97      09.38  I    60.38 


25-INCH  AMERICAN.* 
[Tested  November  11, 1873.] 

1.000 

1 

18.23 

212 

212 

212 

212          19.304 

28.91 

72.44 

7144 

36-INCH  AMERICAN,  PIVOT  GATE. 
[Tested  November  13,  20, 1872.] 

6 

1.000 

2 

18.63 

146.5 

144 

145.2 

144 

28.382 

45.5 

76.8 

75,9 

42-INCH  AMERICAN,  PIVOT  GATE.* 
[Tested  September  29  and  October  6, 1873.] 

1.000 

* 

17.91 

118 

112.5 

115.2 

112.5 

42.549 

60.18 

70.95 

60.  S8 

48-INCH  AMERICAN,  PIVOT  GATE.« 
[Tested  January  29, 1874.J 

i 

1.000 

13 

12.82 

107.8 

83 

94.1 

107.7 

48.591 

54.27 

83.14 

75.40 

60-INCH  AMERICAN,  PIVOT  GATE.' 
[Tested  August  5, 1873.] 

i 

1.000 

7 

15.24 

88.1  '      70.5  1        78.4  j      80      j    99.621 

1                1               1 

121.41 

73.94 

60.87 

1 

a  Made  by  National  Water  Wheel  Company,  Bristol,  Conn. 
6  Made  by  Stout,  Mills  &  Temple,  Dayton,  Ohio. 
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Summary  qfJamtes  Emtrson's  tests  of  turbine  water  uheels — Contixiued. 
30-INCH  NEW  AMERICAN,  PIVOT  GATE.* 
(Tested  July  2. 1880.] 


1 

.    Gste 
open- 

Revolutions per  minute. 

Mean 
dis- 
charge 
in  sec- 
ond- 
feet. 

8 

Mean 
horse- 
power. 

Perrcntage  of 
efficiency. 

ing    ,  Num- 
(pro-  1  berof 
por-   1  tests. 

1    ttODSl 

'  part). 

1 

Mean 

head 

in  feet. 

Maxi- 
mom. 

Mini- 
mum. 

Mean. 

At 
maxi- 
mum 

em- 

ciency. 
7 

207.5 

Maxi- 
mum. 

Mean. 
11 

1   1 

2 

S 
17.74 

4 

6 

6 

9 

10 

78.03 

j    I.OOO 

8 

209.3 

163 

190.7 

41.29 

63.26 

76.42 

1.000 
lOOO, 


lUXX) 


30-INCH  NEW  AMERICAN,  PIVOT  GATE. a 
[Tested  July  7, 1880.] 


LOOO 

4 

17.65 

210.4 

201.5 

205.85 

201.5 

41.678 

64.88 

78.21 

77.84 

.819 

3 

17.70  ' 

209.5 

200.5 

204.33 

200.5 

39.325 

62.66 

79.64 

79.49 

.764 

3 

17.74 

208.5 

200 

203.66 

208.5 

38.076 

60.62 

79.83 

79.21 

.706 

2 

17.77  . 

207 

201.2 

204.1 

207 

36.770 

50.35 

80.27 

80.08 

.653 

3 

17.81 

206.7 

198 

202.9 

204 

35.712 

56.45 

80.42 

78.32 

.597 

3 

17.85 

206 

201 

204.7 

201 

33.684 

5.5.77 

79.89 

78.93 

.542 

2 

17.91  ' 

206 

204 

205 

204 

31.580 

49.84 

78.69 

77.75 

.486 

3 

17.96; 

207 

203 

204.7 

203 

29.309 

45.57 

77.00 

76.38 

.431 

2 

18.04  • 

203 

197 

200 

197 

27.258 

41.58 

74.82 

74.76 

.375 

2 

18.12  ! 

206 

203 

204.5 

206 

24.391 

36.71 

73.58 

73.38 

.32 

3 

18.16 

1 

285.5 

200.5 

235.3 

200.5 

21.316 

31.11 

71.92 

70.89 

4»-INCH  NEW  AMERICAN,  PIVOT  GATE.o 
[Tested  October  14, 1879,  and  January  3, 1880.1 


16.33 
13.14 


110.5 
109 


101.5 
99.0 


106.5 
101.2 


108.3 
105 


92.843  ' 
98.419 


132.80 
111.11 


77.83 
77.23 


77.02  I 
75.82  I 


.30-INCH  ECLIPSE,  REGISTER  GATE.6 
[Tested  1878.] 


19.02 


184.5  I  165 


171.9  j  184.5  I  16.849    24.01   76.28  ;  63.94 


15-INCH  VICTOR,  CYLINDER  GATE.* 
[Tested  March  26,  1878.] 


1.000 


18.34      323 


323 


323 


323 


I  j 

16.233  ,      29.36  I     87.  a5 


87.05 


a  Made  by  Stout,  Mills  A  Temple,  Dayton,  Ohio. 

^Made  by  StUlwell  &.  Bierce  Manufacturing  Company,  Dayton,  Ohio. 

IBB  180— 06 3 
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Summary  of  James  Emerson's  tests  of  turbine  water  uheels — Continued. 
15-INCH  VICTOR,  REGISTER  GATE.o 


Gate 

(pro- 
por- 
tional 
part). 

Num- 
ber of 
tests. 

Mean 

bead 

\i\  feet. 

« 

17.98 
17.78 
17.89 
17.88 
17.82 

Revolutions  per  minute. 

Mean 
dis- 
charge 
in  sec- 
ond- 
feet. 

Mean 
horse- 
power. 

Percentage  of    * 
efficiency. 

Maxi- 
mum. 

4 

355 

338.5 

385 

376 

369 

Mml- 
mum. 

Mean. 

At 
maxi- 
mum 
effi- 
ciency. 

■ 

mum.  1    ****«^-   1 

1 

!   1 

1.000 
el.OOO 
dl.OOO 
« 1.000 

/i.obo 

2 

6« 
7 
5 

7 
5 

5 

300.5 

291.5 

309 

296 

325 

6 

7 

8 

9 

10             11 

335.33 

323.8 

337.9 

334 

348.6 

347.5 

345 

354 

336 

356 

16.269 
15.968 
16.023 
14.991 
16.723 

30.24 
27.79 
26.53 
22.61 
28.52 

92.58  91.22 
87.90        86.  OO 
82.64        81.  ©4 
75.84        74.64 

85.59  '     84.35 

20-INCH  VICTOR,  CYLINDER  GATE.« 
[Tested  July  26, 1877,  and  February  21, 1878.1 


18.17  I    266.5       246 


256.2        266.5  I    22.914 


38.02 


83.63 


77.77 


25-INCH  VICTOR,  CYLINDER  GATE.a 
[Tested  July  25, 1877,  and  March  26, 1878.] 


1.000 


18.02       209 


200 


204.5 


209 


I 


38.092 


I 
62.72      85.84  |     SO.  58 


30-INCH  VICTOR,  CYLINDER  OATE.o 
[Tested  October  29, 1878.] 


1.000 


1       11.65       144.5 

144.5 

144.5 

144.5 

19.671 

52.64 

86.76       86.76 


35-INCH  VICTOR.a 
[Tested  September  5, 1879.] 


1.000 


1.000  I 


9       17.11       156 


126.6       142.5 


150 


83.32 


132.46      83.34  ;     82. 04 


30-INCH  TYLER  FLUME  WHEEL.  NO  GATE.* 
[Tested  April,  1876.] 


18.56       215 


168 


195.3         215.3 


20.29 


33.61 


91.27        79. 05 


a  Made  by  Stillwcll  <fe  Blerce  Manufacturing  Company,  Dayton,  Ohio. 

b  V  sed  in  draft-tube  experiments;  tested  in  tiic  ordinary  way. 

c  With  draft  tube  23  inches  in  diameter  and  10.33  feet  long. 

<*  With  draft  tui)e  19  inches  in  diameter  and  10.33  feet  long. 

«  With  draft  tube  15  inches  in  diameter  and  10.33  feet  long. 

/  With  draft  tube  21  inches  in  diameter,  submerged  6.83  feet  in  backwater 

9  Made  by  Jotm  Tyler,  Claremont,  N.  H. 
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Summary  ofJamsa  Emermm^s  ie«U  of  twrhine  voter  wheels — ContiQued. 
3a-INCH  TYLJSR,  INSIDE  REGISTER  GATE.« 
[Tested  August  1, 1879.] 

Revolutions  per  minute. 


Gate 

Re 

open- 

"V 

Num- 

Mean 

(pro- 

ber of 

head 

por- 

tesU. 

in  fwt. 

Maxi- 

tional 

minn. 

part). 

H 

S 

4 

|..«0 

8 

18.27 

218 

Mean 

,  ,       —    , dis- 

I  I  ,     At     J  charge 

Mini- 


1.000 


maxl-     in  sec- 


Mean.  I  raum       ond- 


180 


effl-         feet. 
j  ciency. ) 

I       7 


8 


201      *    198.5 

I 


23.32 


Percentage  of 
efficiency. 

Mean 
horse- 
power. 

• 

Maxi- 
mum. 

1« 

Mean. 

11 

80.01 

38.60 

82.25 

42-INCH  TYLER  FLUME  WHEEL.  NO  GATE.« 
[Tested  October  13, 1877.] 


2       18.06  I     146.5       146 


146.2  I     146.5 


3.38  I      67.30       77.5    1    75.79 


1.000 


60-INCH  TYLER.  INSIDE  REGISTER  GATE.o 
[Tested  October  8, 1879.] 


4  ,  16.92   102.5 


98 


100.3   103 


79.19   121.57   80.3 


80.06 


18-INCH  LESNER,  INSIDE  REGISTER  GATE.6 
[Tested  April  17, 1879.] 


10  '  18.29 


335.3  :  280 


260.6   296 


10.74    16.41  I  75.61 


73.87 


15-INCH  HERCULES,  CYLINDER  GATE.c 
[Tested  Mardh  5, 1880.] 


1.000  I  6  !    17.9    ! 


375.5  !    298  342.7       356.5  ,       18.03         29.44       82.94       81.87 


33-INCH  HERCULES,  CYLINDER  GATE.*- 
[Tested  November  4-11,  1879;  Runner  of  McCormiclc  type;  partial  division  plates.] 


1.000  I  11        17.05  '     184.5 

1.000  i  5       16.68       150.2 


130 
148.7 


156.9 
153.2 


154.5 
152 


78.41        119.88 
77.46  I     116.45 


80.31 
79.95 


79.56    ' 

^_ ] 


oMadc  by  John  Tyler,  Claremont,  N.  H. 

^Made  by  William  B.  Wemple  Sons,  Fultonville,  N.  Y. 

c  Made  by  Holyolce  Machine  Company,  Hoiyolce,  Mass. 
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Summary  ofJamM  Emerson* s  tests  ofturhine  water  wKeil^f — Continued. 

4&-INCH  HERCULES,  CYLINDER  OATE.o 

[Tested  January  10, 1880.] 


Gate 

(pro- 
por- 
tional 
part). 

Num- 
ber of 
tests. 

ill 

Revolution 

Maxi-  ;  Mim- 
muro.     mum. 

8  per  minute. 

Ai 
1  maxi- 
Mean.  i  mum 
t    effi- 
ciency. 

Mean 
di9- 
charg" 
in  sec- 
ond- 
feet. 

III 

Peroenta^  of 
eflkipnry. 

1 
mum.      ^^ 

1 

2 

s 

4 

6 

6 

7 

8 

9 

10 

11 

1.000 

0 

11.51 

94.5 

75.2 

84.65 

93.2 

135.53 

138.24 

82.86 

7S,I3 

.927 

I 

11.73 

70.3 

70.3 

70.3 

70.3 

131.54 

130.5 

78.66 

78.66 

.878 

1 

11.70 

81.5 

81.5 

81.5 

81.5 

129.17 

130.89 

76.43 

76-43 

.830 

3 

11.65 

83.5 

78.5 

80.66 

83.5 

124.06 

124.60 

77.48 

76.31 

.781 

1 

11.20 

81.8 

81.8 

81.8 

81.8 

116.67 

114.02 

77 

77 

.732 

2 

11.43 

87 

83.2 

85.1 

87 

112.38 

110.82 

76.19 

76.14 

.683 

2 

11.65 

85.7 

85 

85.35 

85.7 

108.62 

109.91 

76.74 

76.54 

.634 

I 

11.69 

83 

83 

83 

83 

103.95 

105.63 

76.72 

76.72 

.586 

1 

11.6 

82.6 

82.5 

82.5 

82.5 

97.36 

98.20 

76.59 

76.  .';9 

.537 

2 

11.36 

81 

80 

80.5 

'      80 

80.34 

85.37 

74.59 

73.  W 

.488 

1 

11 

82 

82 

82 

82 

80.88 

74.54 

73.94 

73.94 

.439 

3 

11.72 

88.5 

84 

86 

88.5 

75.41 

70.31 

70.68 

70.18 

36-INCH  HUNT.* 
[Tested  May  19,  1880.] 


1.000 

8 

17.55 

165 

145.5 

155.4 

1.000 

15 

17.69 

179 

139.5 

162.2 

155.5  !      39.44 


160 


I 


40.80 


65.16 

84.84 

83.80 

68.4     I 

84.61 

83.3 

24-INCH  REYNOLDS  CHAMPION. ^ 
[Tested  October  13, 1879.] 


1.000  I 


313 


243.7       275.6 


276.: 


17.87 


28.7 


78.57       76.72 


oMade  by  Holyolce  Mactiine  Company,  Holyolce.  Mass 
ft  Made  by  Rodney  Hunt  Machine  Lompany,  Orange,  M 
^Made  by  Bloomer  &  Co.,  hllenville,  N.  Y. 


TURBINE  TESTS  BY  HOLYOKE  WATER  POWER  COMPANY. 

OEKEEAL  DISGirSSIOV. 

The  conditions  under  which  turbines  are  tested  at  the  Holyoke  flume  are  described  n 
the  following  circular  issued  by  the  Holyoke  Water  Power  Company: 

We  are  prepared  to  test  turbines  on  vertical  shaft,  of  any  of  the  usual  diameters  (the  pit  i«  301**' 
square),  and  of  any  power  up  to  300  H.  P. 

The  measuring  weir  has  a  capacity  of  about  230  cubic  feet  per  second. 

Small  wheels  may  he  tested  under  an>  head  from  4  to  18  feet.    Larger  sizes,  11  to  14  feet. 

The  price  of  test  and  report  is  based  on  the  amount  of  water  drawn  by  the  wheel  when  giving  its  bux 
efBciency  at  full  gate.  But  on  account  of  variation  of  heads  the  quantity  drawn  will  be  computed  I'r- 
a  head  of  17  feet,  and  on  that  the  charge  will  be  66§  cents  per  cubic  foot  per  second,  but  no  test  for  )fm 
than  $30,  the  sender  to  pay  freight  and  cartage. 

Scroll  wheels  or  wheels  set  in  iron  cases  may  cost  $10  to  $15  or  more  in  addition. 

A  test  will  consist  of  five  or  six  settings  of  the  gate;  additional  settings  will  be  charged  extra. 
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We  cao  also  test  small  and  medium  sizes,  singly  or  in  pairs,  on  horizontal  shaft,  under  certain  con- 
ditions, details  of  which  will  be  sent  on  application.  Price  of  horizontal  test,  from  $50  up,  depending 
on  the  amount  of  labor  necessary  to  erect  the  wheel. 

-Ml  results  are  kept  strictly  confidential,  report  being  made  only  to  the  party  ordering  the  test. 

I>ijplicate  reports,  typewritten,  or  in  India  ink  for  blue  printing,  will  be  furnished  at  ^  each. 

HoLYOKE  Water  Power  Company. 
HoLYOKE,  Mass.,  Noremhrr  1,  18.98. 

The  Holjoke  flume  servas  three  principal  uses: 

1 .  The  testing  of  all  wheels  installed  in  conjunction  with  the'water  power  at  Holyoke,  in 
order  that  their  discharge  capacity  may  be  determined  and  used  as  a  means  of  estimating 
the  quantity  of  water  taken  by  the  several  mills. 


I  ilililiililllil 


9    ...         a  lofeot 

Fio.  14.  Cross  section  of  Holyoko  testing  flume. 

2.  The  testing  of  experimental  wheels  with  a  view  to  their  improvement.  Many  of  the 
wheels  tested,  especially  in  the  early  years,  have  l>een  of  this  class,  and  the  results  are  of 
no  general  interest. 

3.  Testing  of  standard  patterns  of  American  type  turbines  which  are  to  be  installed  in 
new  plants.     The  results  of  such  tests  are  of  general  and  permanent  interest. 

A  few  complete  tests  have  been  published  by  Thurston  o  and  in  the  catalogues  of  tur- 


oThurston,  IJ.  H.,  The  systematic  testing  of  turbine  water  wheels  in  the  United  States:  Trans.  Afa. 
See.  Mech.  Eng..  vol.  8,  pp.  359-420.  Uiaitized  bv  ^^^OOQIC 
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bine  builders.  The  policy  of  the  Holyoke  Water  Power  Company  has  bw»n  to  treat  the 
results  of  the  tests  as  the  property  of  their  clients,  and  they  have  never  been  made  public 
without  the  permission  of  the  parties  for  whom  they  were  made.  In  the  preparation  of 
this  paper  application  was  first  made  to  the  Holyoke  Water  Power  Company,  and  aft^r 
wards  to  a  number  of  the  leading  turbine  builders,  for  the  results  of  Holyoke  tests  of  stand- 
ard patterns  of  wheels.  As  a  result,  complete  reports  of  tests  of  a  considerable  number  of 
turbines  have  been  obtained  for  publication  with  the  mutual  consent  of  the  Holyoke 
Water  Power  Company  and  the  turbine'  builders. 

Acknowledgment  is  due  to  Mr.  A.  F.  Sickman,  hydraulic  engineer  of  the  Holyoke  Water 
Power  Company,  and  to  the  Holyoke  Machine  Company,  Worcester,  Mass. :  the  S.  Morgan 
Smith  Company,  York,  Pa.;  the  James  Leflfel  Company,  Springfield,  Ohio:  J.  &  W.  JoDj. 
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Fio.  15.— Log  of  test  of  36-iiich  right-hand  Hercules,  full  gate,  test  No.l90,  Octotxr  13, 1883. 

Holyoke,  Mass.;  the  Stillwell-Bierce  and  Smith-Vaile  Company  (now  Piatt  Iron  Wofb 
Dayton,  Ohio,  and  the  Dayton  Globe  Iron  Works,  Dayton,  Ohio. 

The  quantity  of  water  used  in  the  Holyoke  te^ts  (.see  tables,  pp.  43-76)  is  determined  bj 
means  of  a  thin-edged  weir,  with  or  without  end  contractions,  according  to  the  volun* 
of  flow.  The  discharge  is  computed  by  the  Francis  formula,  and  is  given  in  column  7  of 
the  tables.  The  power  is  determined  by  a  friction  dynamometer  (see  PI.  1,5),  and  is  given 
in  column  8  of  the  tables.  Each  wheel  is  tested  under  several  positions  of  speed  gate,  com 
monly  varying  from  about  one-third  to  full  gate.  A  varying  number  of  tests  at  each  ^tf 
is  made,  the  load  being  so  adjusted  as  to  cover  the  ordinary  range  of  speeds,  both  gr»l<^ 
and  less  than  that  at  which  the  maximum  efficiency  occurs.  The  net  head  acting  on  tbf 
wheel  in  feet  is  determined  by  means  of  hook  gage  readings,  and  is  contained  in  column  < 
of  the  tables.  The  measured  gate  opening,  head,  speed,  discharge,  and  power  constitute 
the  basic  data  of  the  experiments.     The  efficiency  for  ^S^zf(^g}fiC!!R?A^ jl  i^^^P"***^  '^ 


HOLYOKE    TESTH. 


39 


O 

'^ 

i 

A; 

i 

>  \/e/oc/'/y 

5             t 

^         ^ 

' 

ft; 

ft* 

»v 

,_ 

'     ■ 

if 

' 

"^ 

^ 

;^ 

r" 

L_ 

— 

~' 

Oh 

^ 

, 

1 

" 

"^ 

h^ 

« 

tt 

■" 

k^ 

3?t^ 

■» 

' 

-- 

- 

^^f^5^. 

bi. 

ft 

1 

cr 

iLl* 

^L 

—  =:-^ 

r~ 

- 

1 

^  ^ 

\ 

^ 

1 

»»^j* 

r^^2^ 

^'— ^ 

\ 

-/ 

:^ 

M'. 

^ 

N 

~~^ 

Th 

rc 

f^:^ 

, 

ir 

^ 

f\ 

;A 

rf^ 

r- 

^ 

' 

ft 

A 

_l 

1     1 

5 

g-^ 

-' 

' 

_ 

t 

^-~i 

^ 

Sf 

"^i 

^-^ 

^, 

1 

? 

( 

i 

p*^ 

'^ 

^ 

^ 

3 

» 

H« 

\.-^ 

^ 

ff^ 

^  —  •^'^ 

--^ 

ft 

~1 

,_ 

^ 

5? 

Gb 

1 

y^-^ 

S 

.  .r 

t^T^" 

--^ 

h 

f 

d 

^tl5t-^ 

^-^ 

j^'' 

(^ 

^ 

»- 

^ 

L    , 

^ 

"" 

ti 

^ 

"^ 

*"^^ 

<t 

__ 

^ 

-^ 

^            1 

J- 

u" 

\ 

1 

1^ 

1            " 

/ist/o  o/^pertphera/  t/e/oct/y  fo  w/oc/ty  due  to  he«€f 


h           i           «!           5           8            5           t           8 

V                                     1                1 

*     5^             .      ^       ^ 

^^     Pb              *^    ...       

— J            A       —,                       Sw            ^                                                                    1  - 

^                         "^^^             ^                                                                ^ 

r     A                         ^     ^^. 

'^a^ 

^A  .    -'^              _^                      r^^Itf  fcfc 

X*^      ^                11X^5^53,^ 

k                                             ^-                       ^ 

Jft                                                                                                    .                   -J 

^^„-.                                        .„^*:i*----" 

A                       X  ^^^,^'Z^- 

Z                          '^\,se^<!^^'-'       ,, 

4i            lfe*:;^P'-TT              ■   -    -            -   - 

jfc.       _.                   L                              _      J.    ;..,..,....    .           .   .      ■     \ 

«  ^     H-                  -                 j- 

""*          ^^ 

«"=...                                          - 

S*^^         ^  ^                                       -  ^    - 

*«                 T-&,                           "^t         ^>^ 

as                       ^-                             1     r"         '' 

^!                 _u      35^1      4     =,.,^2       -.-/^     _ 

j.                                   --^    ^3-7i3t'^**             ^'' 

i*                i'^^''  "'rp-^-'!^   _     :|i 

^         .--,--       -                T 

Digitized  byVjOOQlC 


40  TUEBINK    WATER-WHEEL    TESTS    AND    POWER    TABLES. 


o 

m 

s 
s 
& 


o 

♦a 

o 


i 


i 

/?^f/^  of periphera/  ve/oc^y 

^\                           lA                            L^                            'J^ 
P^                           A                            a                           tto 

to 

yefocity  due  to  heaa 

§      s      i 

% 

1"  1 

1 

~ 

1      T 

.A 

■ 

' 

N 

I 

1    i 

^r 

''i. 

'  1   I's! 

- 

'^ 

Mr 

1 

' 

1—,  ^ 

-1* 

r 

1 

" 

^ 

1 

I 

r>J 

- 

- 

- 

^^ — 

1 

^ 

:?< 

w 

\- 

1  i  i<   . 

^ 

^ 

'  1 

1 

^ 

tt 

Pf 

/  ot 

££.-^:d: 

^  *"  1  ijij      _) 

'    ^N  -j; 

' 

-  *  ^ 

^.  *j . 

^  ?i  5* — '""'^^ 

^it- 

^^„, 

-- 

.    ^t.KHrt 

-U     --< 

' 

A| 

ft 

f 

f^! 

3*- 

>) 

i 

;^ 

&i 

k 

e? 

r 

, 

i  L..     ^  J 

■Th 

V- 

.1 

.-. 

1 

^L  iC  1 

i!^ 

ss 

H 

jn  rt 

's 

T 

^ 

:  ..:^^'  t ;  I! 

_,.. 

i 

+ 

r 

^^^ 

?  1 

i     {  i. 

S" 

-f  ■   — 

"   ^^" 

I  1 

^^ 

\  i„ 

^ 

m 

*^ 

,-<' 

' '  1 ;  1 1 

-J  ■ 

t 

,   J 

1^ 

a: 

4g 

'-  ■ 

-^J  i     1 

1 

5*i 

[-=- 

i-  -^  ;     1  I  1  J 

■ ',  •]  ■' 

l  :  "x 

■ 

' 

' 

;  '- 

'"Tit 

i" 

^ 

■*r'^ 

i^=--    - 

— ":^ — * 

■ 

■1^ 

lili 

kr 

^  \ 

t'^* 

fl 

pjrul 

^ 

til. 

r* 

.      r            , 

-♦       11- 

-l-r 

'S 

L 

.-^i^rt^,  ...    ■ 

M 

1 

— 

—  - 

M  11  U 

o 


sg 


s^     :^ 


^ 

Ratio  of  peripheral  velocity  to  veU 

bi                      d«                      U                      0| 
^   O                       »S)                       •k                       Ok 

iaa 

1/ 

Ik 
^1 

^ 

I  1 

1 

\ 

1 

I 

t 

^ 

} 

^ 

■-^^ 

-  7 

"   f\} 

^"V^r— 

,    ^ 

-9-,; 

y 

-t^ 

— 

t 

'"^ 

^3 

^Ojr  : 

«!^l 

u-r- 

:?' 

4k  , 

■«k 

— - 

•-»M  •£  ^ 

%^ 

't  ' 

fs4- 

TJ  ^   J 

W  "~ 

iJi.  in  s 

:cp^t 

_  jffj 

D. 

grrirrj 

85  h^-^ 

_  -cv  _ 

■ 

p-*^ 

-j-- 



^~1 

/ 

?»    - 

^ 

<? 

P^ 

.--' 

^?* 

/ 

y>^'<:^ 

IJ^^^ 

1  1 

0« 

■  — 

""■■^ 

-  =-•■ 

t 

i 

U- 

\ 

i<  ft           .  .« 

I  *" 

<o 

1/  J^ 

,5c;f:i 

^ 

^ 

of^oll 

— -  ■■ 

_. 

—  i==^ 

k 

1 

1 

^ 

Digitized  byVjOOQlC 


TDRBINE   TESTING, 


41 


the  measured  dischax^  and  power.  This  factor,  together  with  the  horsepower,  is  omitted 
from  the  series  of  tests  of  Smith-McCormick  turbines. 

In  the  reduction  of  the  experiments,  the  ratio  of  the  peripheral  speed  of  the  turbine  t<i 
the  spouting  velocity  due  to  the  head  is  determined,  and  the  data  for  each  width  of  the 
gate  opening  are  plotted,  using  as  an  argument  the  speed  ratio  described  above.  A  series 
of  curves  is  thus  obtained  for  each  gate  opening  showing  the  variation  in  the  discharge, 
power,  sp>eed,  and  eflBciency.  A  set  of  these  curves  for  a  36-inch  Hercules  turbine  is  shown 
in  figs.  15-19.  From  these  diagrams  the  maximum  efficiency  for  each  width  of  gate  open- 
ing and  the  speed  at  which  it  occurs  may  be  easily  determined.a 

In  colunm  3  of  the  tables  of  tests  (pp.  43-76)  is  given  the  proportional  part  of  the  full- 
gate  discharge,  the  unit  discharge  at  full  gate  being  that  which  occurs  at  the  speed  giving 
maximum  efficiency  under  the  head  used  in  the  experiments.  The  head  and  discharge 
corresponding  to  the  highest  efficiency  having  been  determined  from  the  full-gate  test  dia- 
gram, the  proportional  dischaiige  is  obtained  as  follows: 

Let  H^  represent  the  head  at  which  maximum  full-gate  efficiency  was  observed,  and  H 

anv  other  head  corresponding  to  a  discharge  Q  at  either  full  or  part  gate,  then  Q'=V^  -♦•  Q 
is  approximately  the  dischai^  which  would  have  resulted  with  the  given  gate  opening 
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Proportional  discharge 
Fio.  20.— Proportional  discharge  coefficients  for  12-,  16-,  18-,  and  21-lnch  McCk>nnlck  turbines. 

under  a  head  H^  and  the  ratio  of  the  quantity  Q'  to  the  full-gate  discharge  at  maximum 

Q' 
efficiency  =Q     is  called  the  *' proportional  discharge"  and  is  given  in  column  3.      This 

column  shows,  therefore,  the  relative  discharge  at  different  gate  openings  all  reduced  to 
the  head  of  maximum  full-gate  efficiency  as  a  standard. 

DETAILEI)  HOLYOEE  TESTS. 

m'oormick  turbines. 

The  McCormick  turbine  is  notable  for  its  great  depth  and  capacity  in  proportion  to  its 
diameter.  Many  tests  of  all  sizes  have  been  made  for  the  manufacturers,  the  S.  Morgan 
Smith  Company,  York,  Pa.,  and  J.  &  W.  Jolly,  Holyoke,  Mass.  In  the  following  tables  will 
be  found  complete  tests  of  all  sizes  from  12  to  57  inches  diameter. 

The  mean  factors  for  the  group  of  experiments  included  in  a  single  gate  opening  for  a 
wheel  of  each  size  have  been  computed  and  are  given  in  tabular  form  on  pages  43-59.  This 
data  will  enable  any  desired  feature  of  the  tests  to  be  readily  worked  out  for  the  different 
sizes.  On  figs.  20-23  are  given  the  coefficients  of  part-gate  discharge  in  form  for  ready 
comparison. 


aThe  systematic  testing  of  water  wheels  in  the  United  States:  Trans.  Am.  Soc.  Mecb.  Eng.,  vol.  8. 
pp.  339-420.  Digitized  by  \wJ\^^^^lC 
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Proportiona/  discharge 
Fio.  21.— Proportional  discharge  ooefflcients  for  24-,  27-,  30-,  and  33-inch  McCormlck  turbine». 
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Fig.  22.— Proportional  discharge  ooefflcients  for  36-,  3»-,  42-,  and  4.5-lnch  McCormlck  turbines. 
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'Holyoke  tests  qfMcOormick  turbines.a 

12-INCH  RIGHT-HAND  SMITH-McCORMICK  WHEEL. 

[Test  No.  466,  January  17,  1890.] 


Number  of  experiment. 


21. 
20. 
19. 
18. 
17. 
16. 


28.. 
27.. 
26.. 
25.. 
24.. 
23.. 


32.. 
31.. 
30.. 
34.. 
35.. 


15.. 
14.. 
13.. 
12.. 
11.. 
10.. 


Gate  open- 
ing (pro- 
portional 
part). 


1.000 
1.000 
1.000 
1.000 
1. 000 
1. 000 
1.000 
1.000 
1.000 


Proportional 

discharges. 

(Disctiarge 

at  full  gate 

witb  highest 

efficiency— 1.) 


Mean. 


Mean. 


Mean. 


Mean. 


Mean. 


1.000 


.651; 
.651  I 
.651  I 
.651  I 
.651  I 
.661 
.651  ' 


.488 
.488 
.488  I 
.488 
.488 


.488  I 


.369  I 
.369  ^ 

.369 ; 

.360  j 
.369  ! 
.369  ! 


.369  ' 


1.013 
1.019 
1.010 
1.009 
1.000 
.995 
.991 
.985 
.979 


Mean  head 
in  feet. 


17.92 
17.84 
17.85 
17.80 
18.00 
18.01 
18.02 

iao9 

17.98 


Duration 
of  test  in 
minutes. 


1.000 


17.945  ! 


.876  I 

.801 
.799  I 
.794  ' 

.788 ; 

.781  I 
.778  I 
.770 


17.878  , 

17.92 
17.92 
17.93 
17.94 
17.98 
18.05 
18.02 


787 


17.965 


.667 
.662  ! 
.660 
.656  I 
.651  ; 
.641  i 


18.06 
18.08 
18.02 
18.04 
18.07 
18.07 


18.056 


18.  176 


Revolu- 
tions per 
minute. 


Still. 
375.0 
395.0 
406.7 
424.7 
437.7 
449.0 
464.5 
477.8 


Discharge 
in  second- 
feet. 


11.35 
11.39 
11.29 
11.27 
11.23 
11.18 
11.13 
11.09 
10.99 


381. 16  I 


.799  ' 

.895 

17.90  1 

4 

361.0  i 

10.02 

.799 

.889' 

17.87  1 

4 

388.5  1 

9.95 

.799' 

.882  ^ 

17.87  1 

3 

407.0  ' 

9.87 

.799  1 

.875; 

17.85  j 

3 

421.3  ' 

9.79 

.799  1 

.870  t 

17.86  ' 

4 

435.7 

9.73 

.799  ' 

.864  1 

17.89  j 

5 

451.8 

9.67 

.799' 

.860 

17.91  : 

3 

476.0 

9.63 

420.1 

364.0 
401.6 
421.0 
440.2 
460.0 
477.3 
5(i3.0 


438. 15 


4 

4  I 

41 


362.0 
392.0 
415.0 
439.5 
462.0 
479.5 


425.0 


541 

18.35 

3  1 

346.0 

539! 

18.12 

^i 

366.0 

537  1 

18.12 

4  1 

392.2 

531 

18.10 

4 

417.5 

524 

18.14 

440.7 

520 

18.23 

4  1 

477.0 

406.56 


oMade  by  8.  Morgan  Smith  Company,  York,  Pa. 


8.98 
8.95 
8.90 
8.83 
8.77 
8.75 
8.65 


7.50 
7.45 
7.42 
7.38 
7.32 
7.25 


6.13 
6.07 
6.05 
5.98 
5.91 
5.88 
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Holyokc  tests  of  McCormick  turbines — Continued. 

15-INCH  LEFT-HAND  McCORMICK  HCO^YOKE  WHEEL. 
[Test  No.  740,  March  20,  1894.] 


32. 
31. 
30. 
29. 
2«. 
27. 
26. 
2.".. 


.19. 
38. 
:J7. 
36. 
35. 
34. 
33. 


Mean. 


765  i 


16.10 


Mean . 


.475 


.641 


16.35 


.3.i0 

.3.59 
.359 
.359 
.359 


..^39, 
.539  ' 
.535  I 
.533 
.527  ' 
..523  ' 
.520 


16.37 
16.38 
16.39 
16.40 
16.42 
16.43 
16.44 


.531 


Number  of  experiment. 

Gate  open- 
ing f  pro- 
portional 
part). 

Proportional 
discharges.  , 
(Discharge  ' 
at  full  gate 
with  highest 
efficiency- 1.) 

Mean  bead 
in  feet. 

Duration 
of  test  in 
minutes. 

1 

Revolu- 
tions per 
minute. 

DiaefaaT|» 

in«ecood- 

fwl 

1 

2 

S 

4 

h 

< 

7 

1 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

0.978  1 
1.015  1 
1.010 
1.007  1 
1.003 
1.000 

15.34 
15.55 
16.57 
15.59 
15.61 
15.63 

4 
4 
4 
4 
4 
5 

StiU. 
282.2 
302.2 
321.7 
333.5 
354.0 

17.91 

8 

18.71 

7 

11 64 

6 

18.» 

5 

18.52 

4 

18.48 

3 

1.000 

.993 

15.65 

5 

.372.0 

18.37 

2 

1.000 

.992 

15.27 

5 

375.8 

IK  12 

Mean 

1.000 

.999 

15.526 

377.34 

13.536 

15 

.791 
.791 

.910 
.904 

15.80 
15.80 

4 
3 

284.7 
306.7 

16.91 

14 

16.  W 

13 

.791 

.900^ 

15.75 

5 

326.2 

1669 

12 

.791 

.803 

15.76 

4 

340.0 

16.61 

11 

.791 
.791 

.891 
.883 

16.77 
15.79 

5 

4 

353.0 
372.2 

16.54 

10 

16.40 

9 

.791 

.860 

15.81 

4 

395.7 

16.16 

Mean 

.791 

.893  t 

15. 781 

339.78 

1 

! 

24 

.615 

.780 

16.15 

3 

27ao 

14.66 

23 

.615 

.779 

16.13 

4 

298.2 

14.G 

22 

.615 

.775 

16.12 

5 

307.0 

14.  i5 

21 

.615 

.772 

16.08 

6 

323.2 

14.47 

20 

.615 

.767 

16.09 

338.2 

14.39 

19 

.615 

.760 

16.00 

' 

352.7 

I            14.26 

18 

.615 

.755  ! 

16.08 

4 

366.5 

'            1116 

17 

.615 

.750 

16.08 

377.7 

14.06 

16 

.615 

.745 

16.08 

389.0 

1            13.96 

335.17 


.475 

.6M 

16.26 

4 

267.5    , 

12.  .12 

.475 

.651 

16.29 

3 

292.0 

1Z» 

.475 

.648 

16.30 

310.0    1 

.12.24 

.475 

.644 

16.35 

327.5    1 

12.17 

.475 

.639 

16.37 

342.5 

12. » 

.475 

.636 

16.41 

358,0 

12.04 

.475 

.632 

16.43 

4 

372.7 

11.97 

.475 

.627 

16.41 

395.5    1 

ll.SH 

333.21 


268.2 
291.5 
313.0 
328.5 
348.0 
365.7 
382.2 


16.40    , 328.16 


ia2D 

10.20 
10.12 

iao9 

9.90 
9.92 
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Hclyoke  tests  of  MeCormick  turbines — Continued. 

l^INCH  LEFT-HAND  SMITH-McCORMICK  WHEEL. 

[Test  No.  674,  April  18, 1883.] 


Number  of  experiment. 

I 

1  Qateopen- 
1  ing  (pro- 
portional 
1     part). 

Proportional 
discharges. 
(Discharge 
at  full  gate 
with  highest 
efficiency— 1.) 

Mean  head 
in  feet. 

Duration 
of  test  in 
minutes. 

Revolu- 
tions per 
minute. 

Discharge 
feet. 

1 

2 

'__ 

4 

* 

« 

7 

1  . 

.'            1.000 
1.000 

1.071 
1.020 

17.37 
17.41 

4 

StlU. 
235.5 

27.57 

«... 

26.28 

5... 

1.000 

1.012 

17.41 

4 

248.0 

26.07 

4... 

1.000 

1.005 

17.43 

4 

258.7 

25.92 

3... 

1.000 

.999 

17.45 

4 

271.2 

25.76 

2... 

1.000 

.990 

17.48 

4 

286.0 

25.55 

1.000 

.980 
1.011 

17.42 

17.424 



4 

299.7 

25.27 

Mean 

1.000 

228.44 

13.. 

.748 

.904 

17.44 

5 

227.8 

23.30 

12.. 

.748 

.899 

17.47 

5 

243.0 

23.20 

11.. 

.748 

.892 

17.46 

6 

259.0 

23.01 

\0.. 

.748 

.888 

17.50 

4 

266,0 

22.96 

9.. 

.748 

.883 

17.48 

4 

274.7 

22.80 

8.. 

Mean 

.748 

.872 

17.52 

^ 

292.0 

22.55 

.     •         .748 

.889 

17.478 

260.42 



19.. 

.604 

.797 

17.68 

^ 

234.0 

20.70 

18.. 

.604 

.794 

17.  a5 

4 

245.2 

20.60 

17.. 

.,              .604 

.792 

17.63 

5 

257.2 

20.54 

16.. 

.604 

.780 

17.63 

5 

266.4 

20.46 

15.. 

.604 

.783 

17.61 

5 

272.6 

20.30 

14.. 

Mean 

.604 

.779 

17.56 

6 

281.6 

20.16 

.604 

.789 

17.626 

259.48 

23.. 

.476 

.673 

17.65 

5 

215.5 

17.47 

?7 

.476 
.476 

.675 
.672 

17.73 
17.59 

3 
10 

•227.7 
230.0 

17.54 

22.. 

17.41 

28.. 

.476 

.672 

17.68 

4 

243.0 

17.45 

?1 

.476 
.476 

.672 
.668 

17.50 
17.69 

4 
4 

246.5 
256.2 

47.36 

25.. 

17.36 

20.. 

.476 

.668 

17.40 

4 

256.2 

17.21 

24.. 

.476 

.663 

17.69 

4 

273.5 

17.21 

Mean 

.476 

.670 

17.616 

" 

243.57 

2H 

.3.56 
.      ,        .356 
.356 
..356 
.356 
.356 

.540 
.539 
.538 
.536 
.533 
.531 

17.  S2 
17.79 
17.79 
17.79 
17.87 
17.84 

4 
4 
4 
4 
4 
4 

195.5 
214. 2 
233.2 
250.2 
267.0 
279.2 

14  08 

» 

14.05 

30 

14.01 

31 

13  96 

ja 

13  92 

33 

13.85 

Mean 

.VS 

..536 

17.810 

239.  SS 

Digitized  byVjOOQlC 


46 


TURBINE    WATER-WHEEL    TESTS    AND   POWER  TABLES. 


Holyoke  tests  of  MdOarmiik  turbines — Continued. 

21-INCH  LEFT-HAND  McCORHlCK  HOLYOKE  WHBEL. 

[Teat  No.  701,  Angust  17, 1803.] 


Number  ol  experiment. 


15. 
14. 
13. 
12. 
11. 
10. 
9. 


21. 
20. 
19. 
18. 
17. 
16. 
22. 


29. 
28. 
27. 
26. 
25. 
24. 
23. 


36., 
35., 
34. 
33. 
32. 
31. 
30.. 


Mean. 


Mean. 


Mean. 


Mean. 


Mean. 


Gate  open- 

Ingfpro- 

portioDsl 

part). 

Proportional 
diaoharges. 
(Disoharee 
at  tuU  gate 
with  hi^est 

Meanhewl 
in  feet. 

4 

Duration 
of  test  in 
minutes.  , 

Rerohi- 

tioQsper 
minute. 

6 

Discham 

insecood- 

f«t 

2 

S 

• 

1.000 

1.024 

15.66 

4 

205.7 

35.40 

1.000 

1.018 

15.63 

4 

214.5 

.15.15 

1.000 

1.013 

15.62 

4 

224.0 

34.95 

1.000 

1.006 

15.65 

4 

234.2 

34.76 

1.000 

1.000 

15.66 

4 

244.0 

34.  S3 

l.OOO 

.903 

15.68 

4 

253.7 

34.32 

1.000 

.983 

15.71 

4 

286.7 

34.  (C 

1.000 

.972 

15.75 

4 

280.0 

33.® 

1.000 

1.001 

15.800 

240.35 

.790 

.914 

15.79 

4 

194.2 

31.71 

.790 

.911 

15.81 

4 

210.0 

31.63 

.790 

.904 

15.82 

4 

222.0 

31.39 

.790 

.899 

15.83 

4 

233.2 

31.  E 

.790 

.893 

15.85 

4 

244.0 

31.03 

.790 

.886 

15.80 

4 

255.5 

3a« 

.790 

.874 

15.90   ^ 

4 

271.5 

3a  45 

.790 

.807 

15.841 

232.91 

_ 

.628 

.780 

15.58 

4 

190.0 

36.88 

.628 

.781 

15.60 

5 

209.4 

26.95 

.628 

.776 

15.63 

5 

225.0 

26.79 

.628 

.772 

15.67 

4 

237.6 

36.67 

.628 

.768 

15.71 

4 

348.0 

36.57 

.628 

.763 

15.73 

5 

258.4 

38.43 

.628 

.756 

15.68 

' 

265.0 

36.15 

.628 

.711 

15. 157 

233.33 

_^ 

.499 

.652 

16.79 

4 

193.2 

22.64 

.499 

.655 

15.82 

4 

211.0 

22.75 

.499 

.656 

15.77 

* 

223.0 

22.75 

.499 

.654 

15.76 

4 

230.6 

22.67 

.499 

.653 

15.76 

4 

239.7 

21« 

.499 

.648 

15.81 

4 

252.2 

22.49 

.499 

.642 

15.87 

4 

263.5 

22.35 

.499 

.6.51 

15.797 

230.31 

.374 

.534 

15.69 

4 

186.2 

1&46 

.374 

.535 

15.70 

4 

305.7 

18.50 

.374 

.533 

15.70 

4 

217.2 

la^ 

.374 

.531 

15.74 

* 

227.0 

18.41 

.374 

.529 

15.74 

3 

235.0 

18.33 

.374 

.526 

15.77 

4 

245.0 

18.25 

.374 

.522 

15.82 
15.737 

4 

256.2 

18.  M 

.374 

..WO 

224.61 

Digitized  by  LjOOQ IC 


TURBINE   TESTmO. 


47 


Hdyoke  tests  of  McCormick  turbines — Continued. 

34-INCH  LEFT-HAND  SMlTH-McCORMICK  WHEEL. 

[Test  No.  675,  April  19, 1893.] 


Number  of  experiment. 


38  . 
37.. 
».. 
35.. 
M.. 
33.. 
32.. 


31.. 
30.. 
29.. 
28.. 
27.. 
26.. 
25.. 
24.. 


20.. 
19.. 
18.. 
17.. 


16.. 
15.. 
M.. 
13.. 
12.. 
11.. 
10.. 
9.. 


Gate  open- 
ing  (pro- 
portional 
part). 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


Proportional ' 
diaeharges.  I 
(Discharge  \ 
at  full  gate  ' 

with  highest ' 
jefflciency— 1.)| 


1.012 
1.009 
1.005 
1.002 
.999 
.995 
.992 
.984 


MeaD. 


.000 


Mean. 


.771 
.771 
.771 
.771 
.771 
.771 
.771 
.771 


.771 


Mean. 


.604 
.604 
.604 
.604 
.604 
.604 
.604 

.604  I 


Mean  head 
In  feet. 


16.83 
16.84 
16.83 
16.82 
16.84 
16.86 
16.88 
16.94 


16.855 


Duration  ' 
of  test  In 
minutes. 


Revolu- 
tions per 
minute. 


Discharge 
in' second- 
feet. 


6 

7 

178.25 

47.88 

186.33 

47.74 

195.25 

47.65 

203.50 

47.41 

210.00 

47.27 

216.50 

47.13 

222.25 

46.99 

232.00 

46.71 

228.44 

.891 


.879  I 
.875  j 
.809  I 
.861  I 

.879 


17.13 
17.14 
17.26 
17.24 
17.29 
17.30 
17.32 
17.33 


17.250 


.765 
.761  \ 
.766  ■ 
.750  . 
.744  j 
.739  I 
.726  ; 


17.47 
17.49 
17.49 
17.47 
17.47 
17.43 
17.44 

17.465 


.Mean. 


0.471 
.471 
.471 
.471 
.471 
.471 
.471 
.471 


.643  ; 

.639  I 

.635  I 

.630 

.625 

.618 

.611 

.601 

.625 


17.47 
17.44 
17.47 
17.45 
17.47 
17.48 
17.52 
17.53 
17.478 


4  ' 

179.00 

42.65 

4  1 

189.25 

42.65 

^  I 

199.75 

42.47 

4  1 

207.75 

42.25 

215.00 

42.16 

4  1 

221.50 

41.95 

4 

228.75 

41.73 

240.00 

41.34 

210. 12 


183.00 
191. 75 
202.00 
209.75 
218.00 
224.75 
236.50 


209.39  I 


Mean. 


.358 
.3.'>8 
.358 
.358 
.358 
.358 
.358 
.358 

.a58 


.519 

.518  I 

.513 

.507 

.504 

.497 

.491 

.487 

.504  , 


17.58 
17.54 
17.54 
17.51 
17.48 
17.42 
17.45 
17.46 
17^497 


176.00 
186.00 
195.00 
202.75 
211.50 
220.25 
229.50 
240.25 
207.65^ 


169.25 
179.00 
191.25  I 
200.75  ] 
209.00  I 
219.50  I 
230.50  I 
238.25 


204.69 


36.87 
36.68 
36.46 
36.16 
35.86 
35.56 
34.98 


30.98 
30.77 
30.61 
30.36 
30.12 
29.80 
29.48 
29.03 


23.11 
25.01 
24.80 
24.49 
24.28 
23.93 
23.67 
23.47 
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Holyoke  tests  of  MdOormick  turhines — Continued. 
27-INCH  RIGHT-HAND  SMITH-McCORMICK  WHEEL,  CONICAL  CYLINDER. 
[Test  No.  1497,  December  14, 1903.} 


I 


Number  of  experiment. 


15. 
14. 
13. 
12. 
11. 
10. 

9. 

8.. 


22. 
21. 
20. 
19. 
18. 
17. 
16. 


28. 
27. 
26. 
25. 
24. 
23. 


32. 
31. 
30. 
29. 
34. 


Gate  open- 
ing (pro- 
portional 
part). 


Proportional 
discharges. 
(Discharge 
at  full  gaie 
with  highest 
efficiency- 1.) 


MpHn. 


Mean. 


Moan . 


Mean. 


Mean. 


1.000  , 
1.000  j 
1.000  j 
1.000 
1.000 
1.000 
1.000  I 


1.000  ^ 


.754 
.754 
.754 
.754 
.754 
.754 
.754 
.754 


.591 
.591 
.591 
.501 
.501 
.591 
.591 


.691 


.456 
.456  I 
.4,56  ' 
.456 
.456  ( 
.456  i 


I 


.334  i 
.334  I 
.334, 
.334  I 
.334  ' 
.334  ' 


.334  ! 


1.011 
1.008 
1.007 
1.005 
1.003 
1.000 
.992 


1.003 


uaary  HaaH  '  Duratiou  !  Revolu-  .  Diacliarep 
Sff«St  of  test  in  ,  tionsper  insecond- 
"*'^^-     I  minutes.  |    minute     '      feel. 


17.79 
17.78 
17.78 
17.78 
17.80 
17.78 
17.80 


17.787  I 


.872 
.871 
.865 
.858 
.853 
.848 
.840 
.829 


.854 


17.95 
17.96 
17.95 
17.97 
17.98 
17.98 
17.99 
17.99 


17.971 


.740 
.741 
.737 
.730 
.723 
.712 
.700 


.610 
.608 
.602 
.596 


.481 
.480 
.476 
.473 
.470 
.464 


.474 


18.08 
18.08 
18.10 
18.11 

iai2 

18.16 
18.16 


18.116 


18.22 
18.23 
18.23 
18.25 
18.26 
18.28 


18. 245 


18.39 
18.39 
18.41 
18.40 
18.41 
18.42 


1&043 


168.00 
178.50 
186.60 
194.76 
203.25 
213.00 
231.25 


196.46  I 


163.50 
174.00 
185.25 
190.75 
198.60 
206.60 
216.25 
225.50 


195.03 


160.50 
173.75 
184.00 
191.25 
199.25 
210.00 
223.00 


191.67 


164.00 
175.00 
183.60 
190.25 
200.00 
211.75 


187.42 


161.25 
171.60 
180.00 
187.25 
195.00 
210.00 


184.17 


6a  33 
60.13 
6a  07 

eaoo 

50.87 
58.66 
59.20 


52.30 
S2.M 
51.80 
51.45 
51.21 
5a  90 
5a  40 
49.78 


44.51 
44.58 
44.39 
43.96 
43.58 
42.91 
42.19 


36.80 
36.86 
36.74 
36.40 
35.06 
35.65 


29.21 
29.14 
28.90 
28.73 
28.53 
28.18 
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Hdyohe  tests  of  McCormick  turbines — Continued. 

30-INCH  RIGHT-HAND  SMITH-McCORMICK  WHEEL. 

[Test  No.  816,  May  10, 1805.] 


Nuxnber  of  experiment. 

Gate  open- 
ing (pro- 
portional 
part). 

Proportional 

discharges. 

(Discharge 

at  full  gate 

with  highest 

efficiency- 1.) 

Mean  head 
in  feet. 

Duration 
of  test  in 
minutes. 

Revolu- 
tions per 
minute. 

6 

146.00 
156.00 
168.50 
169.30 
176.50 

Discharge 
in  second- 
feet. 

1 

t 

S 

1.007 
1.006 
1.002 
.993 
.974 
.976 
.959 
.942 

4 

6 

7 

15 

1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 

16.73 
16.73 
16.71 
16.73 
16.74 
16.78 
16.81 
16.89 

4 
4 

4 
5 
4 
4 

4 
4 

75.06 

15  .                                        ..     . 

72.99 

u        

72.71 

13 

72.06 

11 

76.71 

10 

188.50    1             70.28 

9 

193.95    1             69.79 

8 

207. 75                 68.  n 

Mean 

1,000 

.981 

16.76 

177.58 

24 

.783 
.783 
.783 
.783 
.783 
.783 
.783 
.783 

.896 
.881 
.874 
.868 
.863 
.855 
.847 
.830 

17.11 
17.08 
17.18 
17.19 
17.14 
17.08 
17.03 
17.06 

4 
4 
4 
5 
4 
4 
4 
3 

143.30 
154.50 
161.75 
167.00 
174.00 
185.25 
186.25 
188.67 

64.32 

23 

64.50 

22.- 

64.32 

21 

63.89 

20 

63.37 

W 

62.71 

18 

62.05 

17 

60.84 

Mean 

.783 

.864 

17.10 

170.08 

30 

29 

28 

.630 
.630 
.630 
.630 
.630 
.630 

.757 
.757 
.755 
.751 
.744 
.736 

17.34 
17.37 
17.37 
17.33 
17.34 
17.41 

4 
4 
4 
4 
4 
4 

155.50 
153.00 
168.75 

65.96 
56.02 
55.32 

27...                                    ..   .. 

173.86    1             55.43 

26 

25 

178.75                  54.95 
187.00                 54.24 

Mean 

.630 

.750 

17.36 

169.64 

38 

.489 
.489 
.489 
.480 
.489 
.489 
.489 
.489 

.622 
.624 
.624 
.623 
.620 
.615 
.608 
.589 

17.54 
17.53 
17.53 
17.53 
17.55 
17.54 
17.56 
17.58 

4 
4 
3 
4 
4 
4 
4 
4 

144.25                  46.25 

37 

151.25                  46.37 

36... 

158.67 
166.00 
171.25 
177.50 
185.25 
198.50 

46.37 

35 

46.32 

34..                                             . 

46.12 

33 

32 

45.74 
45.24 

31 

44.56 

Mean 

.«« 

.616 

17.55 

169.08 



7 

.369 
.369 
.369 
.369 
.369 
.369 
.369 

.495 
.496 
.498 
.498 
.492 
.488 
.481 

17.60 
17.62 
17.61 
17.57 
17.63 
17.60 
17.59 

4 
3 
3 
3 

: 

4 

132.75 
142.33 
149.33 
159.00 
172.00 

36.94 

6 

37.12 

5 

37.12 

4 

37.07 

3 

36.72 

2 

179.33    1             36.33 

1 

190.50    I             35.81 

Mean 

.369 

.493 

17.602 

160.748    

IBB  180— 06 4 
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Hciyoke  tesls  qfMcCormick  turhinea — Continued. 

SPECIAL  33-INCH  LEFT-HAND  IMPROVED  SMITH-McCORMICK  WHEEL 
[Test  No.  511,  Janiutry  2»-30, 1891.] 


Nimber  of  experiment. 

Gate  open- 
ing (pro- 
portional 
part). 

Proportional 

discharges. 

(Discharge 

at  full  gate 

with  highest 

efficiency- 1.) 

Mean  head 
in  feet. 

Duration 
of  test  in 
minutes. 

1 

Revolu- 
tions per 
minute. 

Discharp 

insKWKl- 

teet. 

1 

2 

S 

* 

( 

6 

7 

46 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

0.008 

.992 

.982 

1.003 

1.000 

.994 

1.014 

1.010 

1.007 

1.003 

.993 

.982 

16.37 
15.42 
15.31 
13.11 
13.13 
13.17 
11.27 
11.30 
11.32 
11.36 
11.40 
11.45 

4 
4 
3 
3 
3 
4 
4 
3 
4 
5 
5 
3 

141.50 
149.75 
156.00 
128.00 
133.00 
137.75 
112.75 
116.75 
121.00 
126.00 
132.20 
140.00 

a.  77 

45          

8133 

44 

82.36 

42 

77.  n) 

43 

77.5; 

41 

77.  W 

40 

TlKJ 

39 .• 

72.  «i 

38 

72.4S 

37 

72.  J4 

36 

71. 7S 

36 

71.  Ji 

Mean 

1.000 

.996 

12.80 

132.80 

34 

.783 
.783 
.783 
.783 
.783 
.783 

.900 
.807 
.891 
.885 
.876 
.864 

11.48 
11.51 
11.55 
11.65 
11.61 
11.66 

4 
5 
4 
4 
4 
4 

115.00 
120.00 
124.00 
130.00 
136.00 
144.25 

65.33 

33 

6S.» 

32 

6i.:^ 

31 

64. 3S 

30 

63.  M 

29 

a^ii 

Mean 

.885 

11.56 

1 

128.21 





27. 
26.. 
25. 
24. 


21. 
20. 
19. 
18. 
17. 


16. 
15. 
14. 
13. 
12. 
11., 
10.. 


634| 

.784 

634  1 

.776  ' 

634 

.760 

634 

.756  1 

634 

.742  ' 

11.59    j 
11.64    I 
11.67    I 
11.73 
11.79 


Mean. 


.634 


.632 


13.25 


4 

4| 
4  ' 


.493 
.493 
.493 
.493 
.493 
.493 


.646  , 
.641 
.635 
.629  ' 
.623  ' 
.616 


13.21 
13.21 
13.23 
13.25 
13.28 
13.33 


Mean. 


.632 


13.252 


115.00 
121.00 
127.75 
135.00 
142.00 


57.10 
56.6» 
36.3) 
55  3S 


135.25 


120.50 

127.50 

132.50 

138.00  , 

143.00 

150.00 


50.24 
50.03 
40.46 

48.r 

4S.I4 


135.26 


.377 
.377 
.377; 
.377  j 
.377  ! 
.377  I 
.377 
.377 
.377 


.526 
.524 
.519 
.517 
.510 
.506 
.499 
.491 
.484 


12.55 
12.54 
12.54 
12.55 
12.57 
12.60 
12.63 
12.68 
12.72 


105.25 
112.00 
118.00 
122.00 
128.00 
133.75 
130.75 
148.25 
165.33 


39  # 

39.je 

38. 6S 

38.40 

r.w 
r.43 

36.92 


Mean. 


.508 


12.  .^98 


129.15 
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Hdyoke  tests  cfMdDormiek  turlnnes — Continued. 

38-INCH  LEFT-HAND  McCORMICK  HOLYOKE  WHEEL. 
[Test  No.  534,  June  13, 1801.] 


N  amber  of  experiment. 


6 

5 

4 

3 

2 

7 

1 

Mean 

14 

13 

12 

11 

10 

9 

& 

Mean 

» 

W 

18 

17 

16 

15 

I- can 

27 

26 

25 

24 

23 

22 

21 

Mean 

34 

33 

32 

31 

ao 

29 

28 "*' 

Mean. 


Gateopen- 

ing(pn>- 

portionAl 

part). 

Proportional 
discharges. 
(Discb&rge 
at  fuU  gate 
with  highest 
efficiency- 1.) 

Mean  head 
in  feet. 

Duration 
of  test  in 
minutes. 

Revolu- 
tions per 
minute. 

Discharge 
in  second- 
feet. 

2 

S 

4 

6 

6 

.  7 

1.000 

1.026 

16.83 

4 

119.75 

103.03 

1.000 

1.019 

16.81 

125.00 

103.30 

1.000 

1.015 

16.83 

4 

131.00 

102.94 

1.000 

1.008 

16.83 

137.00 

102.25 

1.000 

1.003 

16.74 

142.25 

101.42 

1.000 

.905 

16.84 

5 

149.20 

100.06 

1.000 

.986 

16.81 

3 

155.67 

99.01 

1,000 

1.007 

16.81 

137. 15 

.789 

.919 

16.99 

4 

118.25 

03.61 

.789 

.917 

16.99 

4 

125.50 

03.40 

.789 

.912 

17.00 

4 

132.50 

02.03 

.780 

.907 

17.01 

4 

139.25 

02.40 

.789 

.900 

17.05 

4  ; 

145.75 

01.80 

.789 

.892 

17.07 

4  1 

152.50 

01.13 

.789 

.885 

17.06 

4 

158.50 

00.34 

.789 

.894 

17.024 

138.89 

.629 

.799 

17.28 

4 

118.50 

82.10 

.629 

.797 

17.30 

4 

128.00 

81.88 

.629 

.793 

17.29 

41 

134.75 

81.46 

.629 

.787 

17.30 

4 

140.75 

80.00 

.629 

.781 

17.32 

4 

146.50 

80.37 

.629 

.773 

17.31 

4 

152.50 

70.40 

.629 

.788 

17.300 

135. 17  i 

.502 

.681 

17.58 

4 

115.75 

70.50 

.502 

.681 

17.60 

3 

124.00 

70.59 

.502 

.677 

17.59 

4 

131.75 

70.19 

.502 

.675 

17.61 

4 

138.75 

69.97 

..502 

.672 

17.60 

4 

141.50 

69.67 

.502 

.664 

17.61 

3 

147.00 

68.84 

.n02 

.ftW 

17.  a5 

5 

153.60 

68.12 

Mr2 

.672 

17.6a5 

135.76 

.379 

.5.54 

17.82 

4 

110.75 

57.78 

.379 

.553 

17.81 

5 

118.80 

57.68 

.379 

.551 

17.80 

4 

126.75 

57.  48 

.379 

.550 

17.83 

4 

134.75 

57.39 

.379 

.54,5 

17.81 

4 

.       141.50 

57.83 

.379 

.539 

17.81 

3 

148.33 

56.26 

.379 

.533 

17.82 

3 

156.67 

55.58 

.379 

.546 

17. 8H 

133.94 
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Hciyoke  tssts  of  MeCormick  turbines — Continued. 

3&-INCH  LEFT-HAND  SMITH-McCORMICK  WHEEL. 

[Test  No.  1101,  May  29, 1899.] 


Number  of  experiment. 


Gate  open- 
ing (pro- 
portional 
part). 


Proportional  | 
discharges. 
(Dist'harge  i 
at  full  gate  i 

with  highest ! 
.efficiency— 1.) 

'         3         ; 


I 

I  Duration 

Mean  head  i  of  test  in 

in  feet.       minutes. 


8 

7 

6 

5 

4 

3 

2..... 

1 

Mean. 

43 

42 

41 

40 

39 

38 

37 

36 

36 

Mean. 

34 

33 

32 

31 

30 

29 

28 

27 

Mean. 

26 

25 

24 

23 

22 

21 

20 

19 

18 

Mean. 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

1.000 


1.009  I 

1.006  ; 

1.001  I 
.998 
.990  I 
.977 
.961 
.945  ' 

.986  , 


15.79 
15.79 
15.82 
15.85 
15.87 
15.91 
15.96 
15.98 


15.871 


.796 

.796 

.796 

.796 

.796 

.796 

.796  , 

.796 

.796  , 

.796 

.621 

.621 

.621 

.621 

.621  , 

.621 

.621 

.621 

.621 


.498 
.498 
.498 
.498 
.498 
.498 
.498 

.498 


.903 
.899 
.893 

.888 
.882 
.874 
.864 
.853  I 
.843  I 


15.95 
15.97 
15.97 
15.99 
15.99 
16.03 
16.08 
16.06 
16.11 


16.018 


.760  ] 
.754  . 
.748] 
.742  1 
.734  I 
.728  I 
.716  I 
.703 


16.26 
16.29 
16.29 
16.30 
16.34 
16.35 
16.37 
16.40 


16.575 


.645 
.640 
.636 
.630 
.  62.-) 
.619 
.011 
.600 
..588 

.621 


16.55 
16.55 
16.55 
16.56 
16.59 
16.60 
16.69 
16.71 
16.78 


16.620 


Revolu- 
tions per 
minute. 


126.00 
131.75 
138.00 
143.00 
150.00 
154.60 
160.25 
165.75 


Diifcharpf 
in  !spf«>M- 


117. «) 

116.  :5 
ii-i* 

112.!*' 

iin.« 


148,17 


118.25 
123.75 
128.25 
133.00 
136.60 
140.50 
145.00 
149.00 
153. 25 

136.51 


Hto> 

lOaffi 
10144 

lo 

101.  r: 

99.4] 


123.75 
127.25 
130.80 
134.00 
138.25 
142.25 
147. 75 
156.25 

137.54 


»e.4i 


115.00 
130.25 
123.60 
127.75 
131. 75 
136.25 
143.00 
150.25 
157. 75 


77.  W 
76.4: 

7i* 
75.31 
7i7: 

74.  r. 

73.1- 
72.1? 
70.71 


133.95 
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Holyoke  tesU  of  McCormick  turbines — Continued. 
39-INCH  LEFT-HAND  SMITH-McCORMICK  WHEEL— Continued. 


Number  of  experiment. 


Proportional 

,  Gate  open-    discharges. 

I  ing  (pro-      (Discharge 

portional     at  full  gate 

part).      I  with  highest 

efllciency— 1.) 


17 0.390 

16 ' .390' 

^'' .390 

14 .390 

13 390  ' 

12 390  I 

11 390  I 

10 : .390  1 

•» 390  ' 

Mean .390 


0.527  , 
.522  ' 
.516  ' 
.512 
..•509  - 
.506  , 
.502 
.495  j 
.489  ! 

.509 


Mean  head 
In  feet. 


16.72 
16.73 
16.75 
16.78 
16.77 
16.76 
16.75 
16.77 
16.77 

16.757  : 


Duration 
of  test  in 
minutes. 


Revohi-  Discharge 
tlons  per  in  second- 
minute,  feet. 


116.75 
121.50 
125.50 
129.50 
133.00 
135.50 
139.75 
145.00 
150.60 


133.01 


43.. 
C. 
41.. 
44.. 

40.. 

38.. 


36.. 
3.5.. 
34.. 
33.. 
32.. 
31.. 
30.. 


42-INCH  LEFT-HAND  SMITH-McCORMICK  WHEEL. 
[Test  No.  1391,  March  19,  1902.] 


1.000 
1.000  ; 
1.000 
1.000 
1.000 
1.000  I 
1.000  ! 


Mean. 


1.000 


1.002 
1.002 
1.002 
1.000 
1.001 
.986 
.970 

.995 


16.32 
16.06 
16.02 
16.34 

16.05 
16.19 
16.28 


I 


16.180 


121.50 ; 

123.40 

128.00  ' 

135.00 

135.20 

141.00 

146.50 


132.94 


.794 
.794  I 
.794  > 
.794 
.794 
.794 
.794 
.794 


Mean. 


.794 


Mean. 


.648 
.648 
.W8 
.648 
.648 
.648 
.648 
.648 
.648 
.648 

.648  . 


.882 
.876 
.865 
.856 
.845 
.832 
.819 

.8.=>8 

.770 
.775 
.771 
.770 
.762 
.754 
.743 
.737 
.725 
.716 


16.  .56 
16.59 
16.64 
16.68 
16.71 
16.79 
16.85 
16.93 


110.25 
116.80 
120.50 
125.00 
128.75 
133.80 
138.50 
144.00 


16.718  , 


16.96 

16.94 

16.94 

16.96 

16.97 

17.01  , 

17.03 

17.0*  I 

17.11 

17.12 

17.000 


127.20 

103.00 

111.00 

114.20  ! 

118.00  I 

121.50 

125.00 

129.50 

133.75 

139.75 

145.00  I 

124.07  I 


63.25 
62.66 
62.06 
61.66 
61.28 
60.86 
60.38 
59.60 
58.81 


148.20 
147.02 
146.85 
147.94 
146.73 
145.14 
143.27 


131.89 
131.50 
130.73 
129.34 
128.07 
1*26.68 
125.02 
123.28 


116.11 
116.70 
116.21 
116.11 
114.90 
113.80 
112.22 
111.33 
109.77 
108.46 
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HoLyoke  tests  of  MeCormidc  turbines — Continued. 
42-INCH  LEFT-HAND  SKITH-McCORMICK  WHEEL-ContJnued. 


Number  of  experiment. 


19.. 
18. 
17., 
16. 
15.. 
14.. 
13. 
12. 
11. 
10. 
9. 


Mean. 


Mean. 


Gate  open- 
ing (pro- 
portional 
part). 

Proportional 
discharges. 
(Discharge 
at  full  gate 
with  highest 
efficiency- 1.) 

Mean  head 
in  feet. 

Duration 
of  test  in 
minutes. 

Revolu- 
tions per 
minute. 

Diacharn 

inteoood- 

ieet. 

2 

8 

4 

5 

• 

« 

0.497 

0.642 

17.34 

2 

102.00 

97.  SI 

.497 

.645 

17.30 

4 

106.50 

96.U 

.497 

.643 

17.29 

4 

114.25 

97. « 

.497 

.639 

17.30 

4 

118.00 

S7.21 

.497 

.634 

17.25 

4 

121.00 

9S.21 

.497 

.628 

17.25 

4 

124.50 

«.a 

.497 

.625 

17.10 

5 

127.00 

91(1 

.497 

.619 

17.13 

4 

132.00 

98.  ao 

.497 

.616 

17.19 

4 

137.00 

9146 

.497 

.608 

17.29 

4 

142.75 

92.  S5 

.497 

.600 

17.38 

4 

149.50 

9L56 

.497  '                 .627 

17.257 

125.14 

.375  ,                   504 

17.67 

4 

92.62 

77.  a 

.375                    .505 

17.73 

4 

100.00 

Ti.S' 

.375  '                 .507 

17.81 

4 

108.25 

7S-& 

.375  1                 .505 

17.80 

4 

116.50 

77.  S5 

.375  i                 .500 

17.82 

5 

123.40 

77- a 

.375  1                 .495 

17.76 

5 

129.00 

75.r 

.375                   .489 

17.74 

5 

137.00 

73-« 

.375                   .484 

17.64 

4 

144.25 

74. « 

.375                   ^498 

17.745 

118.88 

45-INCH  RIGHT-HAND  SPECIAL  McCORMICK-HOLYOKE  WHEEL. 
[Test  No.  850,  June  10, 1895.] 


10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

Mean 

18 

17 

16 

15 

14 

13 

12 

11 

Mean 


1.000 

1.031 

16.37 

4 

loaso 

112.W 

1.000 

1.025 

16.41 

4 

104.87 

1114^ 

1.000 

1.019 

16.46 

4 

109.50 

11196 

1.000 

1.013 

16.50 

5 

114.00 

111.:^ 

1.000 

1.007 

16.23 

4 

116.00 

iaB> 

1.000 

1.000 

16.23 

4 

120.37 

100.  u^ 

1.000 

.994 

16.23 

4 

124.50 

10S.t 

1.000 

.987 

16.28 

4 

139.50 

107.  S 

1.000 

.978 

16.31 

5 

134.80 

106.  SI 

1.000 

.966 

16.37 

4 

141.50 

105l»* 

1.000 

1.002 

16.339 

119.55 

_ 

.783 

.913 

16.63 

4 

96.00 

ioa» 

.783 

.906 

16.64 

4 

101.50 

loaoe 

.783 

.899 

16.67 

4 

106.75 

99. « 

.783 

894 

16.68 

4 

111.50 

g&s 

.783 

.888 

16.67 

4 

115.50 

9&H 

.783 

.882 

16.67 

4 

120.00 

97.46 

.783 

.875 

16.65 

4 

125.50 

96.87 

.783 

.866 

16.68 

4 

132.00 

96.:4 

.783 

.890 

16.661 

113.50 

- 
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Bolyoke  testa  of  McCormick  turlnnes — Continued. 
45-INCH  RIOHT-HAND  SPECIAL  McCORMICK-HOLYOKE  WHEEL-Contlnued. 


Number  of  experiment. 

Gate  open- 
ing (pro- 
portional 
part). 

Proportional 
discharges. 
(Discharge 
at  full  pate 
with  hiehest 
efficiency  =1.) 

Mean  head 
In  feet. 

Duration 
of  test  In 
minutes. 

Revolu- 
tions per 
minute. 

Discharge 
in  second- 
feet. 

i 

2 

S 

4 

6 

6 

7 

25 

0.612 
.612 
.612 
.612 
.612 
.612 
.612 

0.777 
.771 
.766 
.758 
.751 
.746 
.735 

17.16 
17.17 
17.18 
17.17 
17.14 
16.97 
17.00 

4 

4 
4 

4 
4 

4 
4 

97.25 
103.00 
108.75 
113.75 
118.76 
122.75 
129.50 

87.17 

31 

86.51 

23 

85.85 

22 

85.06 

21 

84.21 

3f) 

83.22 

19 

82.02 

Mean 

.612 

-T.W 

17.112 

113.39 

1 

33 

.503  1                .676 
.503                    -672 

17.29 
17.30 
17.31 
17.34 
17.36 
17.38 
17.39 
17.41 

4 

* 
4 

4 

4 

4 

6 

4 

95.00 
101.25 
107.00 
113.50 
118.50 
123.76 
130.00 
137.75 

76.16 

32 

75.62 

31 

.503 
.503 
.503 
.503 
.503 

.665 
.658 
.651 
.643 

74.88 

30 

74.13 

29 

73.40 

28 

72.56 

27 

71.41 

26 

.503  1                .620 

09.99 

Mean 

.603 

.652 

17.347 

115.84 

41 

.373 
.373 
.373 
.373 
.373 
.373 
.373 
.373 

.548 
.545 
.540 
.535 
.531 
.526 
.520 
.511 

17.56 
17.54 
17.59 
17.50 
17.53 
17.54 
17.55 

17.67 

1 

4 
4 
4 
4 
4 
4 
4 
3 

93.00 
98.25 
104.50 
109.75 
115.25 
120.00 
125.00 
131.00 

62. 15 

40 

61.76 

30 

61.35 

38 

60.75 

37 

60.18 

36 

50.60 

35 

59.00 

34 

58.03 

Mean 

.373 

.532 

17.658 

1 

112.00 

48-INCH  LEFT-HAND  SMITH-McCORMICK  WHEEL. 
[Test  No.  678,  April  5, 1892.) 


54 

1.000 

1.017 

12.99 

5 

78.70 

157.07 

S3 

1.000 

1.008 

13.03 

4 

83.50 

155.97 

52 

1.000 

1.000 

13.06 

4 

80.00 

154.87 

51 

1.000 

.991 

13.13 

5 

93.70 

153.80 

50 

LOOO 

.983 

12.96 

4 

95.75 

151.65 

40 

LOOO 

.973 

13.01 

5 

100.00 

150.36 

48 

1.000 
1.000 
LOOO 

.960 
.948 
.935 

13.09 
13.16 
13.22 

4 
4 
4 

104.00 
108.37 
111.76 

148.80 

47 

147.36 

46 

145.63 

Mean  . 

1.000 

.979 

13.072 

96.08 
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Holyoke  tests  of  MoCormick  turbines — Continued. 
48-INCH  LEFT-HAND  SMITH-McCORMICK  WHEEL-Continued. 


Number  of  experiment. 


37., 
36. 
35. 
34. 
33. 
32. 
31. 
30. 
29. 


28. 
27. 
26. 
25. 
24. 
23. 
22. 
21.. 
20. 
19. 


18. 
17., 
16.. 
15. 
14.. 
13.. 
12.. 
11.. 
10.. 


Gate  open- 
ing (pro- 
portional 
part). 


Proportional 
discharges. 
(Discharge 
at  full  gate 
with  highest 
efficiency—  1.) 


2 

0.780 
.780 
.780 
.780 
.780 
.780 
.780 
.780 
.780 
.780 


Mean. 


.780 


.621 
.621 
.621 
.621 
.621 
.621 
.621 
.621 
.621 
.621 


Mean. 


.621 


.499 
.499 
.499 


.499 
.499  ! 


Mean. 


0.805 
.887 


.875 


.860 
.849 


.820 


.860 


.764 
.758 
.751 
.743 
.737 
.727 
.717 
.707 


Mean  head 
in  feet. 


13.10 
13.10 
13.09 
13.05 
13.08 
13.16 
13.23 
13.31 
13. 10 
13.20 


13.142 


13.90 
13.93 
13.97 
14.00 
14.00 
14.03 
14.08 
14.10 
14.17 
14.19 


Duration '  Revoln-  ,  DiadiaiT^ 
of  test  in  tions  per  '>  in  aeoood- 
minutes.      minute.    .        left 


.638 
.633 
.626 
.620 
.613 
.605 
.505 
.584 
.575 


14.039 


14.00 
14.10 
14.11 
14.13 
14.15 
14.19 
14.27 
14.35 
14.40 


14.198 


4  I 
4 

4  I 
4  ! 

4 
4 

4  I 

4  I 

5  I 

4 


^1 
4 

4 

:" 

4  I 

4  i 

4 

5  , 


75.62 
80.12 
84.62 
88.00  ! 
91.75  j 
96.50 
100.50 
105.00  I 
107.25  I 
111.00  , 


94.08 


78.25 
82.75 
87.37 
91.75 
95.50 
99.50 
103.50 
107.37 
110.90 
114.25 


97.11 


82.00 
85.50 
89.50 
93.50 
97.62 
101.87 
106.75  ' 
111.37 
116. 10  I 


98.24 


13S.8D 
137.45 
136.73 
135.45 

133.65 
Ul£ 
131.1* 
138.  »< 
ir  65 


122.0^ 
121.17 
120.31 
119.17 
11&1« 
U6.79 
11S.3S 
1U.T3 
112. 2» 


102.55 
lOLS 
100.» 

K.73 
97.  «7 
9«.> 
M.S5 
98.> 


9 

.371 

.504 

13.68 

4  :           76.00 

7iL» 

8 

.371 

.498 

13.70 

4              81.00 

79.05 

7 

.371 

.494 

13.74 

4              85.37 

;&« 

6 

.371 

.488 

13.78 

4  '           80.87 

77.© 

5 

.371 

.484 

13.83 

4              93.50 

77.05 

4 

.371 

.477 

13.88 

w.uu 

76.® 

3 

.371 

.469 

13.93 

104.63 

74.15 

2 

.371 

.461 

13.98 

110.12 

7179 

1 

.371 

.453 

14.03 

4, 

115.50 

7175 

Mean 

.371 

.480 

13.838 

94.99 
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HoLyokt  tests  of  McCormick  turbines — Continued. 

51-INCH  LEFT-HAND  McCORMICK  WHEEL. 

[Test  No.  489,  June  28, 1890.] 


Number  of  experiment. 

Gate  open- 

portlonal 
P*rt). 

Proportional 
discharges. 
(Discharge 
at  full  gate 
with  highest 
eflBciency-l.) 

Mean  head 
in  feet. 

Duration 
of  test  in 
minutes. 

6 

Revolu- 
tions per 
minute. 

Discharge 
in  second- 
feet. 

I 

8 

8 

4 

6 

7 

35 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

1.026 
1.021 
1.016 
1.009 
1.001 

.«« 

.979 

11.49 
11.52 
11.53 
11.58 
11.62 
11.68 
11.74 

3 
3 
4 

6 
3 

4 
3 

68.67 
72.50 
76.50 
80.50 
84.50 
88.62 
92.17 

169.60 

34 

169.05 

33 

168.35 

32 

167.50 

31 

166.50 

3D 

164.95 

29 

163.60 

M^ftP . 

1.000 

1.005 

10.165 



80.49 



8 

.818 
.818 
.818 
.818 
.818 
.818 
.818 
.818 

.915 
.910 
.902 
.895 
.887 
.880 
.870 

12.88 
12.91 
12.96 
12.99 
•  13.02 
12.84 
12.91 
13.09 

3 
2 
3 
4 
4 
4 
3 
5 

74.00 
78.25 
83.17 
87.62 
92.00 
94.00 
98.67 
105.10 

160  18 

159.50 

158.40 

157  32 

156  10 

155.89 

152  45 

150  05 

Mean    .. 

.818 

.888 

12.950 

89.10 



28 

.685 
.685 
.685 
.685 
.685 
.685 
.685 

.808 
.803 
.797 
.790 
.782 
.768 
.753 

13.09 
13.11 
13.09 
13.10 
13.10 
13.18 
13.29 

4 
4 
4 

4 
4 
4 
3 

71.62 
77.75 
83.00 
87.25 
92.00 
97.25 
102.00 

142.70 

27 

141.78 

26 .     . 

140  72 

25 

139  42 

34 

138.01 

23 

136  10 

22 

133  90 

Mean  

.685 

.785 

13.137 

87.26 

21 

.554 
.554 
.554 
.554 
.554 
.554 
.554 

.693 
.688 
.684 
.677 
.666 
.656 
.641 

13.25 
13.26 
13.14 
13.17 
13.25 
13.31 
13.44 

3 

4 
5 
4 
4 
4 
4 

71.00 
76.75 
82.00 
88.00 
93.00 
97.75 
105.50 

123.10 
122.30 
120.92 
119.80 
118.28 
116.09 
114.60 

ao 

19 

18 

17 

16 

15 

Mean 

.554 

.672 

13.260 

87.71 

14.... 

.414 
.414 
.414 
.414 
.414 
.414 

.549 
.546 
.542 
.537 
.529 
.521 

13.92 
13.91 
13.93 
13.91 
13.95 
13.99 

4 
4 

4 
4 

4 
4 

71.62 
78.75 
84.25 
89.50 
95.50 
101.25 

99.90 
99.30 
98.72 
97.70 
96.45 
95.06 

13 

12 

11 

10 

9 

Mean 

.414 

.537 

13.935 

86.81 

' 
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Bolyoke  tuds  of  McCormick  turbines — Continued. 

64-INCH  RIGHT-HAND  SMITH-McCORMICK  WHEEL.  PLAIN  CYLINDER  GATE* 

[Test  No.  1310,  December  10-11. 1900.] 


Number  of  experiment. 

Gate  open- 
ing (pro- 
port  onal 
part). 

Proportional 
d  scharges. 
(D  scharge 
at  full  gate 
w  th  h  ghest 
efficiency—  1.) 

Mean  head 
infMt. 

Duration 
of  test  n 
mmutes. 

Rcvolu- 
t  onsper 
minute. 

_ 
• 

Dischaz^ 

inaeooxid- 

feet. 

1 

t 

8 

4 

b 

7 

1.000 
1.000 

1.015 
1.007 

14.00 
14.27 

4 

4 

80.87 
87.75 

227.96 

25. 

228L2S 

24 

1.000 

1.003 

14.51 

4 

94.50 

229.  Z4 

23. 

1.000 

.997 

14.54 

4 

98.25 

228.38 

22. 



1.000 

.994 

14.46 

4 

101.25 

225.91 

21. 

Mean 

1.000 

.981 

14.54 

4 

109.87 

224.60 

1.000 

.999 

14.586 

95.41 



35 

.783 

.939 

14.66 

4 

92.25 

215.80 

34 

.783 

.936 

14.74 

4 

97.75 

215.64 

33. 

.783 

.990 

14.90 

4 

102.62 

215. 4^ 

36. 

Mean 

.783 

.927 

14.58 

4 

104.87 

212,43 

.783 

.m 

14.720 

90.37 

31 

.643 
.643 

.872 
.869 

16.19 
15.21 

3 
4 

86.50 
91.37 

204.04 

30. 

203.44 

29. 

.643 

.865 

15.36 

4 

96.87 

208.44 

32. 

.643 

.862 

15.25 

4 

98.50 

302.10 

28. 

.643 

.858 

15.42 

4 

103.50 

203.36 

27. 

Mean 



.643 

.850 

15.53 

3 

109.67 

201.© 

.643 

.862 

15.326 

97.73 





13. 

.490 

.759 

14.09 

4 

80.50 

m.oo 

12. 

.490 

.755 

14.54 

4 

89.37 

172.85 

11. 

.490 

.750 

14.90 

6 

96.00 

173.84 

10. 

.490 

.739 

15.22 

4 

101.25 

173.11 

9. 

Mean 

.490 

.729 

15.32 

4 

105.75 

m.io 

- 

.490 

.746 

14. 814 

94.67 

16. 

.366 

.646 

16.12 

4 

83.75 

155.59 

5. 

.366 

.642 

16.22 

3 

91.00 

165.30 

4. 

.366 

.638 

16.21 

3 

96.50 

164.10 

3. 



.366 

.630 

16.22 

3 

100.12 

152.20 

2. 

.366 

.621 

16.26 

4 

105.37 

15021 

1. 

.366 

.600 

16.35 

4 

116.50 

145.80 

Mean 

.366 
.250 

.629 

16.062 

97.20 

■ 

19. 

.517 

16.33 

4 

74.25 

125.40 

18. 



.250 

.516 

16.37 

5 

79.40 

125.40 

17. 

250 

515 

16  29 

4 

84  60 

124,67 

20 

.250 

.512 

16  30 

4 

87  76 

124.15 

16 

250 

510 

16.33 
16.08 

4 

91.00 
93.50 

•  123  T9 

16 

.250 

.605 

4 

121.40 

14 

.250 

.602 

16.80 

4 

97.00 

119.79 

Mtan 

.250 

.600 

16.205 

86.77 

a  Tested  on  conical  draft  tube  manufactured  by  S.  Moi^n  Smith  Company. 
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Hdyoke  teHs  of  McCormick  turbiries — Continued. 
57-INCH  McCORMICK-HOLYOKE  WHEEL. 
[Test  No.  606,  August  7. 1893. 


Number  of  experiment. 

Gate  open- 

ing(pn>- 

port  onal 

part). 

Proportional 
discharges. 
(D  scharge 
at  fuU  gate 
with  h  ghest 
efflcency-1.) 

Mean  head 
In  feet. 

Duration 
of  test  in 
minutes. 

Revolu- 
t.ons  per 
minute. 

Discharge 
in  second- 
feet. 

1 

2 

8 

4 

6 

6 

7 

31 

30 

29 

28 

27 '. 

26 

Mean 

25 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

1.020 
1.015 
1.006 
.999 
.992 
.987 

9.32 
9.27 
9.25 
9.20 
9.16 
9.05 

5 
4 

4 
5 

4 
4 

60.20 
62.87 
65.37 
68.00 
70.50 
72.50 

200.67 
199.18 
197.23 
195.28 
193.48 
191.28 

1.000 

1.003 

9.206 

66.57 

4 
4 
4 
4 
4 
4 

.780                    wn 

9.89 
9.96 
10.04 
10.05 
10.04 
10.14 

62.62 
66.75 
70.50 
73.62 
75.25 
78.25 

182.96 

24 

23 

22 

21 

20 

Mean 

19 

18 

17 

16 

15 

14 

Mean 

13 

12 

11 

10 

9 

.780 
.780 
.780 
.780 
.780 

.894 
.885 
.876 
.876 
.866 

182.03 
180.73 
179.45 
178.86 
177.72 

.780 

.883 

10.023 

71.16 

.629 
.629 
.629 
.629 
.629 
.629 

.789 
.784 
.779 
.768 
.757 
.744 

10.83 
10.86 
10.90 
10.98 
11.07 
11.16 

4 
4 
4 
4 
4 
3 

63.25 
67.50 

n.i2 

75.62 
79.25 
82.67 

167.31 
166.48 
165.67 
164.04 
162.29 
160.09 

.629 

.770 

10.966 

73.23 

.493 
.493 
.493 
.493 
.493 
.493 

.669 
.662 
.657 
.649 
.641 
.630 

11.13 
11.20 
11.22 
11.30 
11.34 
11.42 

4 
5 

4 
4 

4 
5 

61.62 
65.90 
70.37 
74.12 
77.62 
82.00 

143.74 
142.82 
141.92 
140.59 
139.03 

8 

137  12 

Mean 

7 

.493 

.651 

11.268 

11.80 

.376 
.376 
.376 
.376 
.376 
.376 

.537 
.534 
.527 
.519 
.512 
.503 
.497 

11.42 
11.45 
11.52 
11.61 
11.67 
11.73 
11.79 

4 
4 
4 
4 
4 
4 

61.37 
66.25 
70.87 
75.50 
79.87 

fU  97 

117.01 

6 

116  39 

5 

115. 18 

4 

3 

113.93 
112  72 

2 

111.01 

1 

.376 

4           ffR.ia 

109.94 

VfWi 

.376 

.518 

11.598 

75.38 
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UOLYOKE  TESTS   OF  HERCULES  TURBINES. 

The  Hercules  turbine  has  been  developed  by  elaborate  experiments  from  the  original 
design  of  John  B.  McCormick.  The  runners  are  very  carefully  finished,  and  the  guide  and 
bucket  openings  are  made  to  conform  with  standard  gauges,  resulting  in  great  uniformity  of 
the  output. 

Tests  of  five  sizes  of  Hercules  turbines  from  recent  patterns  have  been  furnished  by  the 
Worcester  (Mass.)  shops  of  the  Holyoke  Machine  Company.  The  mean  head,  speed,  dis- 
charge, power,  and  efficiency  for  each  group  of  experiments  made  with  a  given  size  of  wheel 
and  proportional  gate  opening  have  been  computed  and  are  given  in  the  t-ables. 
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FiQ.  24.— Proportional  discharge  coefficients  for  Hercules  special  turbines. 

Holyoke  tests  of  Hercules  turbtJies.a 

42-INCH  RIGHT-HAND  SPECIAL  WHEEL. 

[Test  No.  988,  February  18-19,  1897.] 


Numl)er  of 
experiment. 

<is?  Mi 

Dart       1  With  highest 
P*'^^-     efficiency=l). 

Mean 

head  In 

feet. 

Duration 
of  test  in 
minutes. 

Revolu- 
tions per 
minute. 

Dis- 
charge 
in  sec- 
ond- 
feet. 

Horse- 
power 
devel- 
oped. 

Percent- 
age of 
effi- 
ciency. 

1 

t        1            8 

4 

5 

6 

7 

8 

9 

8 

1.000 

1.011 

15.73 

4 

113.25 

141.39 

201.37 

79.84 

7 

1.000 

1.006 

15.73 

4 

116.75 

140.77 

201.85 

80.38 

6 

1.000 

1.002 

15.73 

4 

119.75 

140.25 

201.14 

80.39 

5 

1.000 

.998 

15.76 

5 

122.40 

139.72 

199.57 

79.92 

4 

1.000 

.093 

15.80 

4 

125.87 

139.20 

199.03 

79.80 

3 

1.000 

.983 

15.83 

4 

130.87 

138.01 

197.28 

79.62 

2 

1.000 

.975 

15.82 

4 

136.00 

136.85 

192.46 

78.39 

1 

1.000 
1.000 

.962 
.714 

15.  78 
16.54 

: 

142.25 
200.50 

134. 78 
102.50 

183.80 

76.20 

43 

Moan 

QAn 

15.857 

134. 182 

134.83 

197.062 

79.317 

1              " 

17 

.778                 .894 

16.18 

4 

104.37 

126.89 

186.23 

79.98 

16 

.778                 .887 

10.20 

4 

108.75 

125.98 

187.31 

80.94 

16 

.778                 .881 

16.25 

4 

113.00 

125.23 

187.72 

81.34 

14 

.778                 .875 

16.30 

4 

117.50 

124.61 

187.96 

81.60 

13 

.778  '               .867 

16.35 

4 

121.37 

123.72 

186.60 

81.38 

12..-. 

.778                 .880 

16.28 

4 

124.75 

122.45 

183.45 

8iri4 

11 

.778                 .854 

16.30 

4 

128.62 

121.60 

180.43 

80.27 

10 

.778  1               .846 
.778  1               .836 

16.34 
16.34 

4 

132.62 
139.25 

120.60 
119.23 

177.07 
171.35 

79.23 

9 

77.56 

Mean.  ... 

.«« 

16.282 

121.136 

123.86 

183.13 

80.88 

all 

ftdab"- 

.In 

a  Company 

,  Holyoks 

^^a^^ 

tTgn- 
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Holyoke  tests  of  Hercules  turbines — Continued. 
42-INCH  RIGHT-HAND  SPECIAL  WHEEL-Contlmied. 


Number  of 
experiinent- 


25.. 
24.. 
23. 
22.. 
21.. 
30.. 
19.. 
18.. 


34.. 
33.. 
^. 
31. 
30. 
29. 
28. 
27. 
36., 


42. 
41. 
40., 
39. 
38., 
37.. 
36. 
35.. 


Mean. 


Mean. 


Mean. 


Gate 

I  opening 
(propor- 
tion 
I    part). 


I  Proportional  I 
,    discharge 
'    (discharge 
at  full  gate 
with  highest 
efficiency— 1). 


I  Dls- 

Mean    ,  Duration  ,  Revolu-     charge, 
head,  in    of  test,  in   tions  per     in  sec- 
feet.     '  minutes.  '  minute.       ond- 
feet. 


Horse-  !  Percent- 

powOT  '    age  of 

devel-  effi- 

oped.  cienoy. 


0.633 
.633 
.633 
.633 
.633 
.633 
.633 
.633 


0.765 
.760 
.756 
.730 
.747 
.742 
.733 
.723 


16.48 
16.51 
16.54 
16.56 
16.52 
16.53 
16.57 
16.58 


.747 


.501 

.627 

.501 

.625 

.501 

.620 

.501 

.616 

.501 

.610 

.501 

.605 

.501 

.509 

.501 

.591 

.501 

.583 

16.536 


16.86 
16.80 
16.83 
16.87 
16.84 
16.79 
16.82 
16.82 
16.89 


102.50 
108.00 
112.00 
116.00 
118.50 
122.00 
127.00 
133.50 


109.61 
109.01 
108.40 
107.69 
.107.08 
106.38 
105.33 
103.91 


117.437  !  107.176   158.75 


78.98 


103.00 
106.62 
110.50 
114.50 
118.25 
121.50 
124.87 
129.37 
135.50 


90.81 
90.36 
89.80 
89.23 
88.34 
87.44 
86.65 
85.57 
84.47 


127.38 
127.37 
128.50 
128.22 
126.60 
124.09 
121.39 
117.80 
112.55 


73.36 
73.98 
74.97 
75.10 
75.04 
74.53 
73.44 
72.17 
69.56 


.6064 


16.835    1     118.12 


88.074  '     123.76  73.57 


.382  I 

.382 

.382 

.382 

.382 

.382 

.382 

.382 


.502 
.500 
.496 
.491 
.487 
.482 
.475 
.467 


17.05 
17.08 
17.09 
17.09 
17.12 
17.13 
17.18 
17.20 


4 

4  I 

:'\ 

4  { 
4 

4  I 
4  I 


73.12 
72.91 
72.27 
71.65 
71.03 
70.43 
69.39 
68.26 


.4875 


17.12 


114.56 


71.13 


I 


95.39 

67.47 

96.62 

68.42 

96.58 

68.95 

95.36 

68.67 

94.00 

68.16 

92.10 

67.31 

87.78 

64.92 

81.91 

61.51 

92.217 


66.926 


4.'>-INCH  RIGHT-HAND  SPECIAL  WHEEL 
[Test  No.  1030,  July  19,  1897.] 


10 

1.000 

1.024 

15.81 

1 
5 

96.20 

163.23 

1 
238.04    1 

80.79 

9 

1        1.000 

1.016 

15.79 

4l 

99.75 

161.85 

235.94 

81.55 

8 

1.000 

1.012 
1.007 

15.78 
15.78 

4 

1 
5 

103.67 
108.00 

161.15 
160.35 

236.  a5    1 
236.36 

82.00 

7 

1.000 

82.51 

6 

1.000 

1.001 
.997 

15.75 
15.74 

5 

111.20 
115.00 

159. 25 
158.54 

234.30 
2:J2.92 

82.52 

5 

1.000 

82.45 

4 

1.000 

.990 

15.78 

5 

119.60 

157.  CO 

231.67    ' 

82.29 

3 

1.000 

.982 

15.84 

5 

124.60 

156. 67 

228.60 

81.39 

2 

1.000 

.969 

15. 84 

4 : 

130.25 

154.48 

221.32 

79.89 

J 

1.000 

.952 
.712 

15.98 
16.80 

^1 

5  1 

135.25 
188.60 

152. 45 
116.90 

211.43 

76.66 

44 

1.000 

Mean 

*  -r^'^ 

.969 



15.899 



121. 10 

154.77 

230.469 

81.205 
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TUKBINE    WATER-WHEEL   TEBT8    AND   POWER   TABLES. 


Hciyoke  tuts  of  Hercules  turbines — Continued. 
46-INCH  RIQHT-HAND  SPECIAL  WHEEL-Continu«l. 


Number  of 
experiment. 

Gate 
opening 
(propor- 
tion 
part). 

Proportional 

dincbarge 

(discharge 

at  full  gate 

with  highest 

efficiency- 1). 

Mean 

head,  in 

feet. 

4 

Duration 
of  test,  in 
minutes. 

Revolu- 
tions per 
minute. 

Dis- 
charge, 
in  sec- 
ond- 
feet. 

Illi 

age  of 
effi- 
ciency. 

1 

2 

8 

9 

6 

7 

8 

» 

18 

0.779 
.779 
.779 
.779 
.779 
.779 
.779 
.779 

0.894 
.887 
.880 
.873 
.866 
.856 
.846 
.834 

16.24 
16.26 
1^.30 
16.34 
16.36 
16.30 
16.38 
16.40 

4 
4 
4 
4 
5 
4 
5 
4 

97.25 
101.25 
105.62 
110.50 
114.00 
117.62 
122.00 
128.25 

144.31 
143.36 
142.43 
141.41 
140.38 
138.81 
137.26 
135.42 

216.80 
218.16 
218.23 
218.55 
215.40 
211.85 
207.30 
200.40 

81.  rj 

17        

82.67 

16 

83.03 

15 

83,55 

14 

82.83 

13 

82.25 

12 

81.45 

11 

79.74 

Mean 

.867 

16.33 

112.06 

140.42 

213.34 

82,157 

26 

.636 

.770 

16.63 

4 

96.62 

125.86 

187.82 

79.25 

25 

.636 

.786 

16.66 

4 

100.75 

125.23 

189.00 

80.02 

24 

.636 

.760 

16.68 

5 

105.00 

124.36 

189.12 

80.54 

23 

.636 

.752 

16.71 

4 

100.25 

123.21 

188.61 

80.93 

22 

.636 

.745 

16.74 

4 

112.75 

122.21 

186.22 

80.41 

21 

.636 

.738 

16.75 

5 

117.40 

120.96 

183.63 

80.00 

20 

.636 

.728 

16.72 

4 

122.25 

119.23 

178.64 

79.16 

19 

.636 

.716 

16.72 

5 

127.00 

117.39 

172.64 

77.70 

Mean. 

.7468 

16.701 

111.37 

122.308 

184.435 

79.75 

34 

.502 

.632 

16.89 

4 

95.87 

104.14 

149.22 

74.94 

33 

.502 

.627 

16.92 

5 

100.60 

103.31 

150.43 

76.02 

32 

.502 

.620 

16.97 

4 

105.12 

102.36 

150.75 

76.66 

31 

.502 

.616 

16.98 

4 

108.75 

101.66 

149.31 

76.40 

30 

..502 

.611 

17.01 

4 

112.00 

100.97 

147.68 

75.95 

29 

.502 

.601 

17.07 

4 

116.60 

99.50 

144.11 

74.88 

28 

.502 

.591 

17.14 

5 

122.60 

98.07 

139.16 

7S.13 

27 

.502 

.583 

17.15 

4 

126.75 

96.70 

133.53 

71-12 

43 

.502 

.484 

17.49 

4 

179.00 

81.20 



Mean...   . 

.506 

17.067 

118.576 

98.66 

145.52 

74.88 



42 

.386 
.386 
.386 
.386 

.500 
.494 
.489 
.484 

17.34 
17.37 
17.38 
17.37 

4 

4 
4 
4 

96.75 
101.25 
105.75 
109.12 

83.47 
82.49 
81.72 
80.88 

113. 10 
112.86 
111.41 
109.02 

69.03 

41 

69.58 

40 

69.2!> 

39 

68.55 

38 

.386 
.386 

.478 
.472 

17.39 

4 
4 

114.25 
118.25 

79.91 
78.83 

106.38 
102.07 

67.59 

37 

65.77 

36 

.386 

.465 

17.39 

5 

123.20 

77.65 

96.30 

62. 9» 

35 

.386 

.456 

17.*, 

5 

129.80 

76.15 

88.22 

58.  SI 

Mean 

.4797         17.38 

112.296 

80.137 

104.92 

66.45 
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Holyoke  tesUt  of  Hercules  turbines — Continued. 

4»-INCH  RIOHT-H.\ND  SPECIAL  WHEEL. 

lTe«t  No.  1147,  October  10-11, 1898.] 


Mean. 


Mean. 


Mean. 


Mean. 


'     Gate 
,  opening 
1  (propor- 
'    tional 
part). 

Proportional 

discharge 

(discharge 

at  full  gate 

with  highest 

efficiency- 1). 

Mean 

head  in 

feet. 

Duration 
of  test  in 
minutes. 

Revolu- 
tions per 
minute. 

Dis- 
charge 
in  sec- 
ond- 
feet. 

Horse- 
power 
devel- 
oped. 

Percent- 
ciency. 

t                   S 

4 

5 

6 

7 

8 

9 

1.000                  1.026 

15.47 

i 

89.50 

182.27 

255.49 

79.95 

LOOO 

L018 

15.46 

4 

93.25 

180.83 

256.60 

8L02 

LOOO 

1.011 

15.52 

4 

97.00 

179.85 

257.12 

8La8 

LOOO 

1.005 

15.51 

4 

100.50 

178.69 

256.15 

8L65 

LpOO  j                 .906 

15.53 

4 

1M.25 

177.57 

255.06 

8Le2 

LOOol                 .986 

15.62 

4 

109.62 

175.98 

253.32 

8L32 

LOOO  ,                 .978 

15.56 

4 

113. 75 

174. 16 

347.40 

80.56 

LOOO  '                 .960 

15.57 

5 

119.00 

172.76 

242.64 

79.00 

LOOO                    .957 

15.68 

4 

124.25 

17L05 

236.40 

77.79 

.994 

15.55 

105.08 

177.02 

25L15 

80.52 

.784                    .888 

16.12 

5 

90.80 

1GL09 

235.13 

79.90 

.784                   .885 

16.08 

4 

95.50 

100.27 

238.86 

8L78 

.784                   .878 

16.24 

4 

lOLOO 

150.87 

242.32 

82.36 

.784                   .872 

16.30 

4 

104.50 

158.90 

241.49 

82.27 

.784                   .863 

16.38 

5 

108.30 

157.79 

239.23 

8L67 

.784  *                 .853 

16.40 

4 

112.75 

156.05 

233.73 

80.50 

.7»4                    .841 

16.34 

4 

117.37 

153.57 

227.35 

79.95 

.784                    .832 

16.34 

4 

124.50 

15L83 

220.01 

78.25 

, 

.854 


16.275  1 


106.  H4  '       157.42       234.76    t 


.651 
.651 
.651 
.651 
.651 
.651 
.651 


.768 
.763 
.756 
.747 
.740 
.730 
.717 


16.32 
16.35 
16.35 
16.37 
16.41 
16.42 
16.45 


93.87 
100.00 
104.62 
109.25 
113.00 
116.62 
121.50 


16.  .38 


108.41 


.521 
.521 
.521 
.521 
.521 
.521 
.  :»21 


.635 
.632 
.626 
.618 
.610 
.602 
.595 
.617 


16.74 
16.77 
16.82 
16.84 
16.85 
16.86 
16.87 
16.82 


89.75 
97.25 
102.25 
106.25 
110.25 
114.25 
118.20 
ia>.  45 


140.07 
139.27 
137.97  I 
136.54  I 
135.37  I 
133.57  i 
131.27 


204.16 
207.30 
206.21 
2(V1.20 
199.09 
194.20 
185.81 


136.29   200.22 


117.34 
116.97 
115.97  I 
114.53  I 
113.07  I 
111.50 
110.28 
114.25  \ 


16L65 
167.23 
167.49 
164.65 
161. 11 
155.31 
148.62 
160.86 


.402 
.402  j 
.402 
.402 
.402 


.520 
.516 
.511 
.cm 
.502 


17.07 
17.08 
17.07 
17.10 
17.11 


.402 
.402 
.402: 

.496 
.489 
.482 

17.14 

17. 15 

17.18 

Vf«n.    . 

1 

.503 

17. 11 

1 

90.00  ; 

95.75 
100.00 
lai.  62 
106.62  I 
110.62  I 
115.62 
120. :/) 
105.34 


96.98 
96.31  I 
95.29  I 
94.38 
93.70  ' 
92.66 
91.42  , 
90. 17 
93.86", 


128.46 
130. 16 
129.14 
126.77 
123. 19 
120.30 
113.95 
106.47 
122.  »a5' 


80.85 


78.81 
80.33 
80.66 
80.61 
79.32 
78.13 
75.93 


79.11 


72.62 
75.23 
75.76 
75.33 
74.62 
72.84 
70.49 


73.84 


68.47 
69.82 
70.05 
69.31 
67.80 
66.84 
64.13 
60.65 
^7.73 


Digitized  by 


Google 


64 


TURBINE    WATER-WHEEL   TESTS    AND    POWER    TABLES. 


Holycke  tests  of  Hercules  turbines — ContiDued. 

51-INCU  LEFT-HAND  SPECIAL  WHEEL. 

(Teat  No.  1077,  February  26, 180S.] 


Number  of 
experiment. 


Gate 
opening 
(propor- 
tional 
part). 


Proportional 

discbarge 

(aiacharge 

at  full  gate 

wltb  highest 

efficiency— 1). 


Mean      Duration 

head  In  i  of  test  in 

feet.       minutes. 


Dis- 

Reyolu- 

charge 

tions  per 

in  sec- 

minute. 

ond-     1 

feet. 

Horse-  '  Percent 

Sower       a^e  of 
evd-         efli- 
oped.       deney. 


13.86 
IS.Qfi 
13.94 
14.00 
14.01 
14.05 
14.04 
14.11 
14.14 
14.20 
14.28 
14.35 
15.62 


14.196 


14.50 
14.54 
14.61 
14.64 
14.65 
14.63 
14.64 
14.68 
14. 75 


StUl. 
83.00 
85.50 
88.50 
91.25 
93.80 
95.60 
99.00 
102.08 
106.12 
109.30 
113.33 
164.50 


204.26 
208.83 

202.64  ; 
201.58 
200.98  i 

199.65  I 
198.45  I 
197.26 
196.83  : 
195.65 
194.46 
192.85  I 
155. 15 


267.40 
267.32 
26&27 
267.93 
266.49 
262.51 
261.75 
259.49 
257.49 
252.58 
246.49 


102.665         195.66  i    261.61 


14.626  1 


83.37 
87.37 
90.62 
93.87 
96.87 
99.87 
103.25 
107.50 
111.33 


184.33 
183.04 
181.74 
190.30 
178.90 
177.45 
176.01 
174.90 
173.35 


250.46 
252.38 
251.30 
249.46 
246.24 
242.33 
238.60 
233.81 
227.00 


97. 116 


178.89  •  243.608 


14.97 

4 

83.00 

163.76 

15.02 

4 

87.25    1 

162.37 

15.05 

5 

90.70 

161.27 

15.12 

4 

94.50    1 

160.17 

15.16 

5 

98.10    1 

189.06 

15.17 

5 

101.40 

157.72 

15.19 

4 

105.00 

166.48 

15.22 

4 

109.12 

156.26 

15. 26 

4 

112.75    , 

153.60 

221.14 
223.57 
223.16 
222.87 
221.36 
218.47 
215.52 
211.37 
208.06 
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82.63 
83.62 
83.45 
83.33 

82.84 
82.31 
81.65 
80.30 

78.28 


82.40 


79.54 
80.9 
81.07 
81. 15 
8a9l 
W.5I 
79.96 
78.  CT 
76.44 
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Holyoke  tuU  ofHereuUs  turbines — Contfoued. 
51-INCH  LEFT-HAND  SPECIAL  WHEEL-Contlnued. 


Nmnbo-of 
experiment. 


1 


Gate 
'  opening 
I  (propor- 
I     tional 
'    part). 


Proportional 

discharge    I 

(diacharge  i 

at  full  nte 

withhi^Mstl 

efficiency  «1).' 


Mean 

head  in 

feet. 


S 0.410  I 

7 410  i 

• 410  I 

5 410  1 

4 410  I 

3 410 

2 410  1 

1 410  I 

Mmn I 

« 001 


0.525 
.521 
.51« 
.510 
.502 
.4M 
.486 
.478 


16.22 
16.24 
16.24 
16.29 
16.36 
16.38 
16.41 
16.46 


Duration  Rerolu- 
of  test  in  <  tions  per 
minutes.  ,  minute. 


Dis-     I 
charge 
in  see- 


Horse- 

Sower 
evel- 


8 


.504 


1^325  i. 


.148 


17.68 


79.20 
83.50 
87.50 
92.50 
97.75 
103.00 
109.00 
114.75 


95.975 


113.53 
112.66 
111.66 
110.45 
109.00 
107.33 
105.68 
104.03 


I 


142.65 
143.58 
143.33 
142.71 
130.52 
133.79 
125.94 
116.99 


Percent- 
age of 
etB- 
ciency. 


100.29  ;     136.063 


102.75 


54-INCH  RIGHT-HAND  SPECIAL  WHEEL. 
[Test  No.  1061,  November  12, 1897.] 


68.31 
69.20 
69.69 
69.94 
68.99 
67.10 
64.04 
60.24 


67.188 


42.. 
41.. 
40.. 
».. 
38.. 
37.. 
36.. 
35.. 


Mean. 


Mean. 


Mean. 


1.000 
1.000 
LOOO 
1.000 
LOOO 
1.000 
1.000 
I.OOO 


.800 
.800 
.800 
.800 
.800 
.800 
.800 
.800 
.800 


004 

13.98 

997 

14.07 

980 

14.13 

981 

14.22 

974 

14.26 

964 

14.29 

956 

14.34 

944 

14.38 

976 

14.21 

80.40 
84.12 
87.00 
90.50 
94.00 
98.00 
101.50 
104.87 


230.06 
228.98 
227.80 
226.71 
225.30 
223.16 
221.65 
219.38 


305.38 
306.94 
305.62 
305.62 
303.39 
299.05 
293.11 
285.03 


92.548  I    225.38    1    300.59 


.881 
.875 
.868  , 
.859  I 
.852  I 
.844 
.836 
.829  I 
.820  1 


14.60 

14.73  i 

14.80 

14.87 

14.94 

15.01 

15.07 

15.09 

15.15 


14.82 


650 

.749 

650 

.745 

650 

.739 

650 

.734 

650 

.728 

650 

.722 

650 

.714 

650 

.7a5 

650 

.606 

15.38 

15.40 

15.45 

15.48 

15.49 

15.47 

15.50 

15.53  ! 

15.57 


15.47 


80.00 
83.20 
86.60 
90.25 
93.75 
97.12 
101.00 
104.87 
108.40 

93.91 


206.93 
205.72 
204.66 
202.98 
201.77 
200.41 
198.92 
197.26 
195.46 


287.01 

287.19 

287.16 

286.38  ! 

284.75  I 

281.78 

277.94 

270.78 

261.48 


201.567  ;  280.496 


77.00 
81.00 
84.60 
88.60 
92.  «0 
95.80 
99.25 
102.40 
105.75 


179.88 
179.02 
177.87 
176.85 
175. 59 
173.91 
172.09 
170. 10 
168.14 


246.95 
250.42 
251.78 
252.85 
252.22 
218.01 
242. 10 
234.48 
226.34 


91.91 


174.83    245.02 


83.72 
84.00 
83.71 
83.58 
83.26 
82.83 
81.31 
79.66 


82.76 


83.25 
83.56 
83.59 
83.65 
83.28 
82.59 
81.75 
80.20 


82.19 


78.70 
80.09 
80.78 
81.43 
81.76 
81.28 
80.02 
78.26 
76.23 


79.84 


ma  180-06 5 
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TURBINE    WATER-WHEEL   TESTS    AND    POWER   TABLES. 


HcHyoke  tests  of  Hercules  turbines — ContiDiied. 
54-INCH  RIGHT-HAND  SPECIAL  WHEEL-Continued. 


Mean. 


Number  of 
experiment. 

Gate 
opening 
(propor- 
tional 
part). 

2 

Proportional 

discharge 

(discharge 

at  full  gate 

with  highest 

eflQciency— 1). 

Mean 

head  in 

feet. 

1 

1      Di»- 
Duration    Revolu-     charge 
of  test  in    tlons  per     in  sec- 
minutes,     minute.       ond- 
fcet. 

power       aaof 
derel-         effi- 
oped.       dcnej. 

■     1 

% 

4 

6         1        • 

7 

8               t 

16 

0.527 
.527 
.527 
.527 
.527 
.527 
.527 
.527 

0.622 
.fl8 
.612 
.606 
.597 
.591 
.584 
.578 

15.97 
16.01 
16.03 
16.09 
16.12 
16.15 
16.22 
16.23 

4         74.50    .     1.'i2-27 

202.49             i3.43 

16 

4         78.87 

4  1      83. 12 
4  '      87  25 

151.47 
150.12 

206.79             74.ff 

14 

207.28             70.94 

13           .... 

207  50             76.41 

12 

4         91.62         146.94 
4  '      95.37         145.60 
4         99.25         143.98 
4       103.00         142.55 

205.44             76.47 

11 

200.89            73wS 

10 

195.57             73.  M 

9 

188  96    1         72.iil 

Mean 

.601 

16.10 

1      89.12 

147.72 

201.74    1        "O-T: 

8 

.410 
.410 
.410 
.410 
.410 
.410 
.410 
.410 

.499 
.494 
.489 
.483 
.478 
.472 
.467 

16.58 
16.63 
16.64 
16.68 
16.66 
16.68 
16.73 

4  1      77.00    1     124.59 
4         81.62    1     123.44 
4  1      85.50         122.20 
4         90.50    1     120.82 

4  1      94.75         119.58 

5  99.10    1     118.20 

4  i     103.75    '     117.00 

5  '     109.30         11-^  -'^'i 

163.24 
163.61 
162.67 
150.88 
154.51 
14&14 

«B.C 

70  27 

70- S 

69.^ 

9v3S 

fiLS 

2 

140.99    '         61S1 

1 

.460  1        16  7Q 

129  97    1         ^  <^' 



1 

.480  I 


16.67 


92.69 


67.30 


_                         — 1 —    ,._  ._  . 
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Proportional  discharge 
Fig.  25.— Proportional  discharge  coefficients  for  Leffel-Samson  turbines. 

HOLYOKE   TESTS   OF    SAMSON   TrRBINES. 

The  Samson  turbine  is  constructed  by  James  LefTel  &  Co.,  Springfield,  Ohio.  It  has  been 
developed  along  lines  similar  to  the  earlier  LefTel  wheels,  but  with  greatly  incrcaaed  depu 
and  capacity.  The  runner  resembles  that  of  the  McCormick  turbines,  except  that  a  di^ 
sion  plate  provides  for  a  narrow  ring  of  inward  dischai^  buckets  near  the  top.    It  i8<^^ 
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tted  with  pivoted  gat«s,  difTering  in  this  respect  from  the  Victor,  Hercules,  McCormick, 
and  most  other  large-capacity  turbines,  which  are  provided  with  cylinder  gates. 

Complete  Holyoke  tests  of  three  sizes  of  Samson  wheels  have  been  furnished  by  the 
builders.  The  means  of  the  factors  for  each  group  of  experiments  in  the  tests  are  given  in 
the  tables,  together  with  the  original  data  of  the  tests. 
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Fio.  26.— Efficiency  curves  for  Leffel-Samson  turbines. 
Hclyolce  tests  of  Samson  turbines. 


35-INCn  RIGHT-nAND  WHEEL. 


[Test  No.  982,  February  1,  1897.] 


Number  of 
tests. 

!     Gate 
1  opening 
!  (propor- 
tional 
part). 

Proportional 
discharge. 
(Discharge 

of  full  gate  at 
highest  effi- 
ciency =»1.) 

Mean 

head  in 

feet. 

Duration 
of  test  in 
minutes. 

6 

3 

Revolu- 
tions per 
minute. 

6 

^'-  i 

charge 
in  sec-    ' 

ond- 

feet. 

7 

100. 8.5 
101.31 
101.43  1 
102.02 
102. 25 
102.25  ' 
101.90  1 

101.72  i 

Horse- 
power 
devel- 
oped. 

8 

Percent- 
age of 
efllciency. 

1 

2 

» 

15.23 
15.20 
15.18 
15.29 
15.2.5 
15.34 
15.29 

9 

7 

.1        1.000 
1.000 

J        1.000 
1.000 

.|        1.000 
1.000 

.1        1.000 

1 

0.989 
.994 
.996 
.998 

1.002 
.999 
.997 

171.00 
179.60 
186.50 
194. '25 
201.75 
209.00 
214.67 

193. 82 

Ki8.90 
140.36 
141.16 
143.44 
142. 77 
141.47 
138. 71 

140.97 

79.74 

3 

80  37 

4 

80  84 

7 

81.08 

5 

80.74 

79  53 

6 

78  50 

Mean.... 

.996 

15.25 

80.11 

16 

.834 

.834 

.834 

.1          .834 

.834 

.834 

J          .834 

.|          .834 

.834 

.865 
.860 
.866 
.864 
.858 
.K55 
.845 
.838 
.826 

16.62 
16.59 
16.  .)6 
16.48 
16.24 
15.79 
15.74 
15.69 
15.63 

16.15 

4 

3 

\ 

4 

.7 

171.25 
181.2.5 
187.75 
19.5.00 
197.  X\ 
196. 50 
200.50 
203.75 
206.25 

193. 28 

02.15 
92.49  1 
92. 15  ' 
91.69 
90.36  1 
SH.79  ' 
87.  a5 
86.77  . 

8.5.  :J6 

1 

W).72 

144.. 37 
147.23 
146. 73 
144.00 
137. 22 
129. ;« 
124.61 
120.37 
116.77 

134.  .52 

83  12 

1.1 

84  60 

14 

84.78 

13 

84  03 

12 

82. 45 

11 

81.37 

10 

79  6.5 

9 

77  96 

8. 

77.17 

Kean 

•1 

.8.>l 

81.68 
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Hciyoke  tests  of  Samson  tuHnnes — Continued. 
35-lNCH  RIGHT-HAND  WHEEL-€ontinued. 


8 

7 

6 

5 

4 

3 

2 

1 

Mean. 


Number  of 
test*. 

Gate 
opening 
(propor- 
tional 
part). 

Proportional 
discharge. 
(Discharge 

of  full  gate  at 
highest  eiR-  i 
ciency-1.)   ; 

Mean 

bead  in 

feet. 

1                  1 

Duration  1  Revolu- 
of  test  in    lions  per 
minutes.  1  minute. 

1 

Dis- 
charge 
in  sec- 
ond- 
feet. 

Horse- 
power 
devel- 
oped. 

Ppioent- 
ap^  of 

1 

0.733 

3 

0.770 

4 

'     1 

6 

7 

8 

9 

25 

17.32 

^1 

163.25 

83.70 

133.61 

81.27 

24 

.733 

.771 

17.34 

4 

170.75 

83.95 

138.60 

82.74 

23 

.733 

.772^ 

17.33 

^ 

178.50 

83.95 

138.40 

83.88 

22 

.733- 

.769 

17.32 

4 

183.75 

83.62 

136.82 

83.30 

21 

.733 

.762  ! 

17.31 

4 

187.00 

82.84 

133.49 

82.08 

20 

.733 

.753 

17.32 

4 

192.25 

81.87 

130.13 

80.92 

19 

.733 

.735 ; 

17.38 

4 

200.75 

80.40 

126.00 

79.87 

18 

.733 

.729  1 

17.38 

4 

214.00 

79.38 

121.15 

77.43 

17 

.733 

.717  , 

17.36 

4 

227.75 

78.12 

112. 12  1 

72.90 

Mean 

.753  j 

17.34 

190.88 

81.94 

129.81 

80.48 

32 

.601  1                 .644  ! 

17.53 

4 

160.00 

70.45 

111.26 

79.44 

31 

.601 

.642 

17.55 

4 

167.00 

70.34 

112.01 

80.01 

30 

.601 

.636 

17.54 

4 

170.50 

60.63 

110. 17 

79.54 

29 

.601  '                 .629 

17.54 

5 

176.40 

68.82 

109.64 

80.09 

28 

.601  1                 .627  , 

17.55 

4 

182.75 

68.60 

109.06 

79.89 

27 

.601  j                 .623  1 

17.56 

4 

188.25 

68.28 

107.73 

79.23 

26 

!          .601                    .616  I 

17.58 

4 

196.75 

67.46 

103.96 

77.29 

Mean 

' 1                .631  1 

17.55 

177  06 

69.06 

109.12 

79.35 

37 

'          .488  I                 .527  j 

17.t)6 

4 

155.75 

57.88 

87.22 

75.24 

36 

.488                    .526  1 
.488  1                 .525  ' 

17.66 
17.68 

4 
4 

162.25 
168.50 

1      57.79 
1      57.69 

87.86 
88.14 

75.91 

35 

76.19 

34 

I          .488                    .523  ' 

17.69 

4 

174.00 

,      57.51 

87.80 

76.10 

33 

.488  (                 .518  1 
.488  1                 .513 

17.72 
17.67 

4 
4 

180.75  1      57.03 
194.00  1      56.38 

86.76 
83.57 

75.70 

38 

73.96 

Mean 

1                  .522  f 

17.68 

172.54 

57.36 

1 

86.80 

75.51 

1                          1 

45-INCH  RIGHT-HAND  WHEEL. 
[Test  No.  979,  January  25-26, 1897.] 


1.000 

0.992 
1.000 
.998 
.999 
1.001 
1.002 
.998 
.986 

14.94 
14.88 
14.92 
15.00 
15.02 
15.03 
15.04 
15.11 

5 
5 
4 
4 
4 
3 
4 
3 

127.60 
133.40 
138  12 
144.00 
148.75 
153.33 
157. 75 
169.33 

171.24 
172.12 
172.12 
172.69 
173.23 
173.38 
172.81 
171.11 

233.49 
236.84 
238.65 
240.97 
240.82 
239.89 
236.06 
218.85 

80.48 

.'        1.000 

81.54 

.'        1.000 

81.94 

.'        1.000 

82.08 

1.000 

81.61 

1.000 

81.18 

1.000 

80.09 

1.000 

74.64 

1 

.997 

14.99 

146.54 

172.337 

235.696 

80.437 

i 
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Hciyoke  tests  cf  Samson  turbines — Continued. 
45-INCH  RIGHT-HAND  WHEEL-Continued. 


Number  of 
tests. 

Gate 
opening 
(propor- 
tional 
part). 

Proportional 
discbarge. 
(Discharge 
of  full  gate  at 
highest  effi- 
ciency—1.) 

Mean 

bead  in 

feet. 

Duration 
of  test  in 
minutes. 

Revolu- 
tions per 
minute. 

Dis- 
charge 
in  sec- 
ond- 
feet. 

Horse- 
power 
devel- 
oped. 

Percent- 
age of 
efficiency. 

1 

2 

S 

4 

6 

6 

7 

8 

9 

18 

0.832 
.832 
832 
.832 
.832 

0.887 
.802 
.806 
.807 
.896 
.893 
.888 
.881 
.874 
.847 

14.09 
15.02 
15.04 
15.03 
15.04 
15.06 
15.09 
15.16 
15.21 
15.32 

* 

112.50 
119.75 
126.12 
132.25 
138.12 
143.00 
148.12 
151.25 
155.00 
160.50 

153.24 
154.34 
155.04 
165.27 
155.03 
154.74 
163.93 
153.12 
162. 15 
148.02 

208.16 
215.05 
219.62 
223.11 
223.61 
221.79 
219.65 
214.01 
208.77 
196.52 

79.90 

17 

81.80 

16 

83.05 

15 

84.30 

14 

84.65 

13 

IS 

U 

9 

.832 
.832 
.832 
.832 
.832 

83.92 
83.38 
81.29 
79.55 
76.42 

Mean 

.885 

15.10 

138.66  1     153.48 

1 

215.029 

81.82 

27 

.684 
.684 
.684 
.684 

.766 

15.19 

3 
3 
4 

4 
4 
4 

4 
4 
4 

112.67       133.24 
121.33       133.52 
127.67       133.24 
131.50  1     132.34 
135.50       131.58 
139.00  '     130.06 

183.94    1        80.14 

96 

.769          15.12 
768          15.11 
.762          15.14 

180.83            82.91 

25 

191. 06    '        83. 68 

24 

187.85     1        82.67 

23 

.684 

.756 
.745 

15.20 

186.27            81.68 

22 

.684 
.684 
.684 
.684 

182. 49             80. 97 

21 

.734  1        15.33 

141. 75 
147.00 
156.00 

128.02 
127.52 
125.99 

178.39            80.15 

20 

.728 
.719 

15.39 
15.43 

176.99            79.52 

19 

169.79            77.01 

1 

Mean 

.749 

15.24 

134.71 

130.61 

182.84            80.07 

57 

.568 
.668 
.568 

.641  ]        15.85 
.633  1        16.88 
.630  i         15.8.<i 

5 
4 
4 
4 
4 
4 

125.80  1     113.80 

162.59             79.42 

58 

131.50 
135.75 
139.75 
143.25 
148.25 

112.65 
112.04 
111.68 
110.45 
109.02 

162.80    1        80.25 

58 

160. 68    1        79. 78 

60 

61 

62 

Mean 

.568 
.568 
.568 

.629 
.622 
.613 

15.83 
15.84 
15.85 

157.81            78.71 
152.99    '        77.11 
146.23    1        74.62 

.628 

15.85 

137.38       111.62 

157. 18 

78.315 

46 

.424 
.424 
.424 

.500 
.499 
.499 
.497 
.497 
.494 
.487 
.479 

16.50 
16.53 
16.49 
16.55 
16.47 
16.55 
16.50 
16.58 

4 
4 
4 
4 

4 
4 
4 
4 

112.50 
121.25 
124.00 
127.00 
126.87 
131. 75 

90.70 
90.59 
90.37 
90.24 
90.04 

123.97 
127.84 
127.79 
127.86 
127.73 
125.47 
121.67 

11.1   1H 

73.05 

45... 

75.28 

47 

75.61 

44 

.424 
.424 
.424 
.424 
.424 

75.49 

49.. 

75  95 

43.... 

74.53 

48 

135.50        88.24 

73.69 

42 

69.18 

1                   " 

Mean 

.«5 

16.«2 

128.76  1      «9-fil 

124.43 

74.097 
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Holyoke  tests  of  Samson  turbines — Continued. 

5ft-lNCH  RIGHT-HAND  WHEEL. 

[Test  No.  1257,  June  20, 1900. J 


Number  of 
tests. 


1     Oale 
I  opening? 
(propor- 
I    tional 
1    part). 


I  Proportional 

dischargp. 
<    (Discharge  ! 
I  of  fuDgateat 
'  hlghost  pffi- 
i   ciencv— 1.^    I 


Dis- 

Mean 

Duration 

Revolu-  , 

charge 

head  m 

of  test  in 

tlnnsperi 

in  sec- 

feet. 

j  minutes. 

minute. 

ond- 
feet. 

Horse-  I 
power 
devel 
oped. 


19.. 
18., 
17.. 
16.. 
15.. 
14.. 


25. 
24. 
23. 
22. 
21. 
20. 


32., 
31.. 
30. 
29., 
28.. 
27.. 
26.. 


54. 
53. 
52. 
51. 
50. 
49. 


48. 
47. 
46. 
45. 
44. 


43.. 
42. 
41.. 
40., 
39. 


Mean. 


Mean. 


Mean. 


Mean. 


Mean. 


Mean. 


1.000  I 
1.000  I 
1.000 
1.000  ' 
1.000  I 
1.000 


0.995 

I 
.996 

l.OOl  i 

.999  I 

.992 

.980  ' 


13.27 
13.27 
13.27 
13.30 
13.33 
13.50 


3 
4 

4  I 
4! 


_L 


99.67 
104.00 
106.62 
111.75 
113.50 
117.00 


245.41 
245.75 
246.86 
246.69 
245.26 
243.81 


8 

308.28 
307.27 
309.85 
307.40 
302.19 
294.03 


Percent- 
age of 
efficiency. 


82.29 
83.26 
83.58 
82.79 
81.68 
78.94 


13.32 


109.09   245.63    304.00 


82.09 


.919 
.919 
.919 
.919 
.919 
.919 


.846 

.846 

.846  ' 

.846  ' 

.846 

.846 

.846 


.945  I 
.947 
.943  ' 
.936 
.928  I 
916 


.885  i 
.888  ' 
.882  I 
.  876  ! 
.868  j 
.855  ' 
.843  I 


13.52  , 
13.50 
13.52  ' 
13.56 
13.63  , 
13.71 

13.57  ' 


99.37 
104.25 
107.75 
110.12 
112.37 
115.12  , 


235.43 
235.56 
234.80 
233.37 
231.98 
229.82 


301.69 
304.47 
301.52 
205.43 
288.50 
281.48 


106.16  I  233.49    295.51 


13.80 
13.79 
13.80 
13.82 
13.91 
14.09 
14.11  I 


4| 
4  < 

4I 

4 1 


96.62 
101.00 
103.12 
105.00 
107.80 
110.87 
113.50 


222.77 
223.37 
221.99 
22a  47 
219.26 
217.31 
214.58 


293.34 
296.35 
292.06 
286.69 
283.35 
278.62 
269.81 


83.75 
84.60 
83.98 
82.50 
80.63 
78.94 

82.39 

84.32 
85.01 
84.24 
8114 
82.10 
80.41 
78.75 


13.90 


105.41   219.96    285.74 


82.567 


.771 
.771 
.771 
.771 
.771 
.771 


.626 
.026  ' 

.02e  I 

.626 
.020  I 


.819 
.812  ' 
.802  I 
.794 


.800  ' 


7»7   I 


717 
71.> 


.663 
.660 
.6.V)  I 
.651  I 
.647  ' 


14. 15 
14.18 
14.21 
14.24 
14. '27 
14.33 

14.23 

14.63  I 
14.69  I 
14.70 
14.76 
14.81 

U.72 

15.11  ! 

15.12  ' 

15. 16  I 
15.  13  I 
1.-5.17  , 


210.02 

282.77 

84.08 

208.95 

280.18 

83.56 

207.29 

274.66 

82.40 

205.01 

209.13 

81.46 

203.03 

264.12 

80.56 

201.51 

260.71 

79.78 

4     •     97.50 

4  100.37  ^ 

4  I  102. 12 

4  i  104.00  I 

4  I  106.25 

3  ,  109.67  I 

...1  103.31  I    2a5.96    ,    271.92 


4  !        97.50 

4  100.37  1 

4  '  103.75 

4  106.87 

4  110.  .50 


190.73    I  254.95 

188.70    I  254.28 

188.28         253.68 

186.67  I      250.42 

186.38         247.67 


10;t.  798         188. 15         252. 20 


81.97 

80.74 
81.06 
80.99 
80.31 
79.29 

S0.47» 


98.25 
102.00 
10").  00 
107. 37 
110.75 


174.50  I 
173.83  , 
172.83  ' 
171.55  I 
170. 70 


238.90 
239.01 
236.77  i 
231.17 
225.66  i 


80.06 
90.36 
79.85 
78.70 
UOl 


15.14    1     104.67 


172.68  I      234.30 


79.196 
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Hciyoke  tests  of  Samson  turbiius — C'ontinued. 
56.INCMI  RIGHT-HAND  WHEEL-Contlnued. 


Number  of 
tests. 


Mean. 


Mean. 


Gate  Proportional 

opening  #  r)l«rh«.r<w»  aitjan  Lfufnviuii      i\cvuiu-  uiim^t; 

(propor-  )rJ,7^"*/J^.  head  in  of  test  in  tions  per  in  sec- 

tirxnol  OllUIIgaieai           #_.,  m4niitx»«          minilto               nnA. 


Mean      Duration     Revolu- 


tional 


^")'   "^e^--, 


feet 


minutes,     minute. 


0.564 
.564 
.564 
.564 
.564 
.564 


.497 
.497 
.497 
.497 
.497 
.497 


0.603 

15. 4o 

.600 

15.44 

.598 

15.46 

.502 

15.49 

..=187 

15. 51 

.581  ' 

15.56 

.S37  ' 

.532 

.527 

.522 

.520  I 

.517 


15.48 

15.91 
l.'>.  95 
16.00 
16.04 
16.04 
16.07 


.526  , 


16.00 


4 
4 

5 

4| 


Dis- 
charge 
in  sec 
ond- 
feet. 


95.50 
98.62 
102.25 
ia'>.  75 
109.87 
114.00 

104.  .^3 


112.  a3 


159.54 
159.11 
157. 75 
1.56.65 
155.30 


Horse-  »«-««„♦ 
power  ^!!^^y 
devel-      A^  °^ 


160.63    219.80  I 


218.36 
217.37 
214.04 
208.95 
201.31 


158.16    213.32 


101.25 

145. 14 

105.12 

143.93 

109.20 

142.87 

113.37 

141.70 

117.50 

140.91 

12.).  75 

140.27 

195.99 
192.77 
189.13 
184.80  I 
179.56  ] 
170.82 


18.5.51 


78.29 
78.33 
78.09 
77.40 
75.99 
73.62 


76.95 


75.00 
74.20 
73.11 
71.85 
70.20 
66.96 


71.8 


Proportions/  (discharge 
FlO.  27.  — Proportional  dischjirj^o  coofficionts  for  New  AmoriOHn  tnrhinos. 

HOLTOKE   TE8TS    OF    NEW    .VMKRKW.N    .\ND    SWAIN    TIRBINRS. 

The  New  American  turbine  has  a  modern  lart^e-capacity  nmnor  mountod  in  a  pivoted- 
gitecjwe.  The  runner  n\sombles  that  of  tho  vSwuin  typo  of  turbine,  an<l  biil<;('s  downward 
wkI outward  less  than  those  of  the  MeConnick  type  of  turbine. 

Complete  tests  of  three  .size.s  of  New  Anieriran  turbines  have  }x»en  publi.shed  by  the 
'''^'Wers.  the  Dayton  (iIoIk*  Works,  of  Dayton.  Ohio,  and  are  presented  in  the  following 
l*We8.  The  means  of  the  various  factors  for  each  expt^ri mental  ^ate  optMiinj^  and  for  each 
"ze  of  wheel  have  been  computed  and  are  included  in  the  tables. 

A  recent  test  of  a  Swain  turbine  is  appended. 
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TURBINE  Water-wheel  tests  and  power  tables. 


Hciyoke  tests  of  New  American  turbines. 

42-INCH  RIGHT-HAND  WHEEL. 
[Test  No.  783,  July  14, 1894.] 


Number. 

Oate 
opening 
(propor- 
tional 
part). 

Proportional 
discharge. 
(Discharge 
at  full  gate 
with  highest 
efficiency- 1.) 

Duration 
of  tests  In 
minutes. 

Revolu- 
tions per 
minute. 

1      Dls- 
1   charge 
in  sec- 
;     ond- 
feet. 

Horse- 
power 
devel- 
oped. 

Percent- 
age of 
effi- 
ciency. 

1 

8 

8 

* 

6 

6 

116.25 

7 

136.40 

8 

• 

33 

1.000 

1.014 

16.39 

4 

200.24 

79.17 

32 

1.000 

1.008 

16.37 

4 

120.50 

135.60 

200.99 

80.03 

31 

1.000 

1.004 

16.36 

4 

124.00 

134.97 

;a».08 

80.09 

30 

1.000 

.999 

16.33 

4 

128.00 

134.18 

199.56 

80.50 

29 

1.000 

.994 

16.33 

4 

132.25 

133.54 

198.06 

80.29 

28 

1.000 

.988 

16.28 

3 

136.00 

132.52 

194.44 

79.66 

Mean 

1.001 

16.34 

126.16 

134.54 

198.86 

77.96 

27 

.710 

.916 

16.43 

4 

112.25 

123.38 

184.18 

80.31 

26 

.710 

.912 

16.46 

4 

117.50 

122.99 

186.39 

81.38 

25 

.710 

.907 

16.47 

4 

122.25 

122.36 

187.27 

82.13 

24 

.710 

.90, 

16.51 

4 

128.25 

121.60 

187.73 

82.65 

23 

.710 

.893 

16.56 

5 

134.80 

120.85 

188.14 

83.09 

22 

.710 

.877 

16.55 

4 

144.00 

118.57 

181.37 

^^1.69 

Mean 

.903 

16.50 

126.51 

121.63 

185.85  ' 

81.87 

21 

.504 

.798 

16.87 

3 

110.00 

108.99 

164.76  1 

79.30 

20 

.504 

.795 

16.74 

3 

113.33 

108.15 

164.34 

80.24 

W 

.504 

.793 

16.53 

5 

117.00 

107,18 

163.29  1 

81.47 

18 

.504 

.785 

16.56 

4 

124.00 

106.25 

164.62 

82.70 

17 

.504 

.774 

16.59 

3 

129.33 

104.85 

162.89  1 

82,77 

16 

.504 

.764 

16.67 

4 

133.75 

103.67 

150.35 

81.50 

15 

.504 

.736 

16.77 

4 

141.75 

100.20 

149.58 

78.68 

Mean 

.778 

16.68 

124.17 

105.61 

161.26 

80.94 

14 

.389 

.700 

17.10 

4 

106.00 

96.17 

140.73 

75.64 

13 

.380 

.697 

17.04 

3 

113.33 

95.58 

144.28 

78,30 

12 

.389 

.685 

17.11 

4 

120.25 

94.22 

144.91 

79.45 

11 

.380 

.674 

17.13 

4 

125.25 

92.76 

142.40 

79.21 

10 

.389 

.660 

17.15 

4 

130.00 

90.85 

138.96 

78.83 

9 

.380 

.646 

17.20 

4 

136.00 

89.10 

134.26 

77.43 

8 

.389 

.633 

17.25 

4 

144.50 

87.44 

127.89 

74.94 

Mean 

.671 

17.14 

125.05 

92.30 

139.06  ! 

77.69 

7 

.230 

.530 

17.42 

4 

102.62 

73.51 

100.61  , 

69.44 

6 

.230 

.527 

17.44 

4 

108.50 

73.10 

101.20  I 

70.16 

6 

.230 

.520 

17.48 

4 

113.25 

72.27 

100.23  1 

70.13 

4 

.230 

.509 

17.4^ 

4 

121.00 

70.80 

98.85 

70.60 

3 

.230 

.501 

17.48 

4 

128.75 

09.66 

96.42 

69.99 

2 

.230 

.494 

17.51 

5 

136.20 

68.73 

92.73 

68.10 

Mean 

.514 

17.47 

118.39 

71.34 

98.34  . 

1 

69.74 
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Hclyoke  testa  of  New  American  tyrbines — Continued. 
45.INCH  RIGHT-HAND  WHEEL. 
[Test  No.  782,  July  9, 1894.] 


1 

Number. 

Gate 
opening 
(propor- 
tional 
part). 

Proportional 
dischaige. 
•(Discbarge 
at  fuU  gate 
witb  bluest 
efficiency- 1). 

Mean 

bead 

in  feet. 

Duration 
of  testa  in 
minutes. 

Revolu- 
tions per 
minute. 

Dis- 
charge 
in  sec- 
ond- 
feet. 

Horse- 
power 
devel- 
oped. 

Percent- 
age of 
effi- 
ciency. 

1 

2 

8 

4 

0 

6 

7 

8 

9 

37 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

1.022 

1.015 

1.009 

1.003 

.997 

.990 

.983 

15.98 
16.01 
16.02 
16.04 
16.06 
16.09 
16.13 

4 

4 
3 
4 
3 
4 
4 

103.50 
107.50 
112.00 
115.37 
119. 17 
123,00 
127.75 

144.87 
143.95 
143.17 
142.36 
141.58 
140.77 
140.02 

205.06 
205.66 
206.64 
205.79 
205.27 
203.49 
200.04 

78.26 

96 

78.84 

a5 

79.60 

34 

79  63 

33 

79  76 

32 

79.38 

31. 

78  26 

Mean 

1.003 

16.05 

115.47 

142.39 

204.66 

79.10 

30 

.699 
.699 
.699 
.699 
.699 
.699 
.099 
.699 

.921 
.914 
.905 
.899 
.893 
.885 
.874 
.856 

16.30 
16.38 
16.40 
16.41 
16.42 
16.42 
16.45 
16.53 

4 

4 
4 
4 

3 

4 
4 
3 

101.25 
105.75 
110.25 
113.87 
117.33 
122.00 
127.50 
134.00 

131.77 
131.12 
129.93 
129.11 
128.35 
127.18 
125.67 
123.42 

■   195.08 
197.27 
198.16 
197.69 
196.51 
195.19 
190.97 
182.46 

80  25 

29. 

81  16 

28 

82  17 

27 

82  44 

as 

82.38 

25 

82  68 

24 

81  62 

23 

79.02 

Mean 

.803 

16.41 

116.49 

128.32 

194.17 

81  45 

22 

.505 
.505 
.505 
.505 
.505 
.505 
.505 

.800 
.796 
.787 
.775 
.762 
.746 
.725 

16.68 
16.71 
16.74 
16.78 
16.81 
16.85 
16.86 

4 
3 
4 
3 
4 

4 

102.00 
106.00 
110. 75 
117.33 
122.50 
127.40 
133.60 

115.77 
115.29 
114.17 
112.60 
110.81 
108.50 
105.56 

175.69 
176.81 
177.19 
175.74 
170.97 
164.80 
154.51 

80  39 

21 

20 

19 

18 

17 

16 

81.09 
81.92 
82.18 
81.10 
79.64 
76  71 

Mean...  . 

.770 

16.78 

117.07 

111.81 

170.82 

80  43 

15 

.382 
.382 
.382 
.382 
.382 
.382 

.687 
.681 
.671 
.661 
.651 
.635 

16.97 
17.00 
17.03 
17.07 
17.11 
17.19 

4 
4 

3 
4 

4 
4 

101.25 
107.00 
111.83 
116.00 
119.75 
127.50 

100.29 
99.50 
98.12 
96.83 
95.48 
93.32 

149.58 
160.79 
149.99 
147.68 
144.30 
138.89 

77.66 

14 

76  77 

13 

79  31 

12... 

78  94 

11 

78  05 

10 

76  50 

Mean 

.m 

17.09 

113.89 

97.26 

146.87 

78.21 

8 

.203 
.293 
.293 
.293 
.293 
.293 

.5^1 
.579 
.572 
.663 
.553 
.541 

16.84 
16.83 
16.86 
16.88 
16.90 
16.94 

4 
3 
3 
3 
3 
4 

99.25 
103.33 
108.00 
118.67 
119.67 
127.00 

84.91 
84.27 
83.28 
82.07 
80.54 
78.93 

120.28 
120.30 
119.85 
118.40 
114.06 
108.08 

74  32 

7 

74  94 

6 

75  42 

5 

75  52 

4 

3.... 

74.04 
71  42 

Mean 

.665 

16.87 

112.65 

82.33 

116.83 

74.28 
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Number. 


Mean. 


Hciyoke  tests  of  New  American  turbines — Continued. 
51-INCH  RIGHT-HAND  WHEEL. 
[Test  No.  901,  March  11-12,  1896.] 


Gate 
opening 
(propor- 
tional 
part). 


Proportional  | 

discharge. 

(Diactmrge 

at  full  gate 

with  highest 

efflelency— 1).! 

«  i 


Mean 

head 

in  feet. 


I  Duration  |  Revolu- 
I  of  tests  in  lions  per 
'  minutes.  |  minute. 


Dis- 
chaiige 
in  sec- 
ond- 
feet. 


Horse- 

Peroeo 

power 

««eo 

devel- 

effi- 

oped. 

ciency 

42 

1.000 

41 

1.000 

40 

1.000 

43 

1.000 

39 

44 

1.000 
1.000 

38 

1        1.000 

37 

1        1.000 

45 

(         1. 000 

Mean     .       ~~    ~" 

36 

1          .659 

35 

;          .659 

34 

1          .659 

33 

.659 

32 

'          .659 

31 

1 
Md 

Mean '  .^ 

30 

1 
1           .465 

29 

1          .465 

28 

1 
'           .465 

27 

!           .465 

26 

'          .465 

25 

.465 

24 

.465 

23 

!           .465 

22 

1           .465 

Mean '7 

21 

'           .362 

20    .. 

'           .362 

19 

1          .362 

18 

362 

17 

.362 

16 

.362 

15 

'          .362 

14 

.362 

18 

362 

12.   . 

:v\'2 

Mean .       ~~. 

11 

1          .251 

10 

1          .251 

9 

..!          .251 

8    

1          .261 

7 

251 

6 

251 

6 

1          .251 

1.021 

1.016 

1.010 

1.007 

1.005 

1.003 

.999 

.991 

.988 

1.004 


.916 
.911 
.905 


.882 
79005! 


14.83 
14.88  i 
14.88  I 
14.87 
14.94  I 
14.86  I 
15.03  i 
15. 13  I 
14.94  ! 
14.93  '. 


:! 


15.39 

15.40 

15.43  I 

15.46 

15.49 

15.50 

15.47 


.806  I 
.802  j 
.794  I 
.788  I 
.781  I 
.774  I 
.763  I 
.751  j 
.730  ' 
.754  I 


15.88 
15.95 
16.09 
16.04 
15.06 
15.97  , 
16.05  I 
16. 12  I 


84.20  I 
88.50  j 
91.70 
93.50  ' 
95.62  ' 
96.80  I 
100.00  I 
103.25  j 
104.87  I 
~95.38  ' 


195.90 
195.30 
194.24  j 
193.52  ' 
193.65  I 
192.78  I 


192.94 
192.08 
190.34 


2S5.10 
258.09 
259.09 
259.08 
260.40 
258.34 
262.11 
260.09 
253.46 


16.42 


85.50 
89.12 
92.80 
96.75 
100.25 
104.50 
~94.^ 

79.75 
85.33 
90.60 
93.40 
96.25 
99.10 
102.60 
106.20 
112.00 


96.14 


.700, 

16.43 

.696  1 

16.44 

.689  I 

16.44 

.681  1 

16.50 

.673 

16.56 

.662 

16.59 

.651  ' 

16.67 

.643  1 

16.70 

.633  1 

16.74 

.620  I 

16.79 

.665  1 

16.59 

559 

17.03 

556 

17.00 

551 

17.02 

544 

17.06 

537 

17.10 

531 

17.10 

529 

17.10 

544 

17.06 

80.25 
86.50 
90.00 
93.75 
97.25 
100.25 
103.25 
106.50 
111.25 
117.50 
~98.65 


193.42  I  258.53 

179.12  1  251.47 

178.10  253.01 

177.11  253.98 
175.96  I  254.91 
174.85  252.53 
173.16  249.01 


176.39  I      252.48 


225.15 


141.35  I 
140.59  I 
139.25  , 

137.97  ; 
136.40 
134.33  * 
132.40  I 
130.89  ! 

128.98  ! 
126.70  I 

"134.88  1 


196.69 
203.17 
202.20 
201.05 
198.63 
194.52 
189.80 
184.90 
179.51 
167.99 
191.85 


82.50 
85.50 
88.50 
92.00 
96.25  I 
100.00  I 
lOi.50  I 


115.02  I 
114.31 
113.20 
111.98 
110.76  I 
109.44  ' 
109.06  ) 


155.58 
155.42 
154.85 
154.71 
153.99 
149.78 
148.57 


78H 
79. « 
79.: 
79.1 
79.1 
79.7 
78.1 
78.  S 


78.9 


74.67 
77.51 
"^7.88 
77.87 
77.54 
76.96 
75.83 
74.58 
73.30 
69.63 
75.58 


92.32 


111.97  I       153.27  , 


70.03 
70.52 
70.87 
71.40 

n.e9 

70.53 
70.27 
70.^ 
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Holyoke  tests  cf  Swain  twrbines.o^ 


Number. 


64.. 
63.. 
62.. 
61.. 
60.. 

58. 

57, 
56. 


Ifean. 


55.. 
54.. 

53.. 
52.. 
51. 
50. 


Mean. 


36-INCH  BIOHT-HAND  WHEEL. 
(Teat  No.  977,  January  20-21, 1897.] 


Gate 

opening 

(decimal 

part). 


Discharge 

(decimal 

part). 


2 


Mean    j  Duration  ,  Revolu-     ^PjL^   I    ^®^" 
feet.      I  minutes.  ,  minute.       ^^^      |  ^^^^ 


I 

Peroent- 
j    age  of 
efficiency. 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


.876 
.875 
.875 
.875 
.875 
.875 


1.004 

.995  I 
.984  ' 
.973  I 
.966  I 
.954 
.945 
.934 
.922 


I 


15.16 
15.25 
15.40 
15.42 
15.43 
15.48 
15.47 
15.44 
16.33 


I 


.964 


15.38 


3 

130.33  1 

4 

135.00 

3 

140.33 

3 

144.00 

4 

146.50 

4 

160.75 

4 

164.00 

3 

158.00 

4 

161.37 

'      146.70 

76.49 
75.98 
76.62  ■ 
74.74  I 
74.19 
73.45 
72.73 
71.76  I 
70.58 


111.57 
111.47 
111.61 
110. 16 
108.51 
107.08 
104.72 
101.68 
97.97 


73.94         107.20 


84.84 
84.83 
84.62 
84.28 
83.68 
83.04 
82.07 
80.92 
79.84 


83.11 


.932  I 

.926 

.916 

.907 

.896 

.877  1 


15.16 
15.15 
16.28 
16.41 
15.50 
16.60 


132.00  I 
135.75 
140. 75  ' 

147.00 : 

163.50 
162.33 


70.95  t 
70.42 
70.01  1 
60.61 
68.99 
67.76  1 


102.58 
102.20 
102.54 
102.63 
101.53 
98.55 


.909  ' 


16.36 


146.22 


101.68 


84.10 
84.47 
84.52 
84.37 
83.76 
82.22 


83.91 


49 

750 

48 

....'          .760 

47 

....           .750 

46 

760 

45 

.760 

44 

....     -     .760 

43 

....1          .760 

42 

760 

1 

Mean. 

41 

625 

40 

625 

39 

.625 

38 

....j          .625 

37 

....1          .626 

36 

...  '          .625 

35 

...J          .625 

.867  I 
.849 


15.66 
16.74  j 
16.76  I 


844 

16.70 

838 

15.54 

829 

16.62 

826 

16.16 

814 

16.20 

130.00 
136.00 
141.00 
146.00 
149.76 
167.33 
156.76 
162.76 


67.03  I 
66.52  ! 
65.96 
65.41  I 
64.64  , 
64.09 
62.88  I 
62.06  I 


100.24 
100.73 
100.16 
99.28 
97.28 
96.47 
91.36 
88.93 


147.45 


64.82  I       '96.81  I 


89.90  1 

86.92 

69.45 

86.72 

58.95 

87.16 

58.30 

86.23 

57.70 

84.42 

;        66.62  ' 

81.02 

84.20 
84.83 
84.96 
85.24 
85.39 
84.97 
84.61 
83.13 

84.65 

82.67 
83.63 
84.48 
84.30 
83.18 
80.99 
77.66 

82.40 

79.09 
80.51 
80.51 
80.40 
79.61 
78.81 
77.29 


73.44  I  79.44 


76. 15  I 


83.95 


a  Made  by  Swain  Turbine  and  Manufacturing  Company,  Lowell,  Mass. 
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Hciyoke  tuts  cf  Swain  turinnes — Continued. 
36-INCH  RIQHT-HAND  WHEELr-Continued. 


Number. 

Gate 

(decimal 
part). 

Discharge 

(deeimia 

part). 

Mean 

head  in 

feet. 

Duration 
of  test  In 
minutes. 

Revolu- 
tions per 
minute. 

6 

120.37 

Dis- 
charge, 
in  second- 
feet. 

Devel- 

-eped 
hors^ 
power. 

Iterant- 

1 

2 

S 

4 

» 

7 

8 

9 

26 

•    0.375 

0557 

16.21 

4 

42.50 

54.08 

Tin 

25 

.375 

.562 

16.19 

4 

127.60 

42.06 

54.19 

7t:s 

24 

.375 

.545 

16.21 

4 

133.50 

41.58 

53.49 

7L» 

23 

.375 

.538 

16.21 

4 

139.00 

41.06 

52.32 

TIC 

22 

.375 

.631 

15.22 

3 

145.67 

40.63 

51.30 

Tir 

21 

.375 

.524 

16.21 

3 

152.33 

40.01 

49.94 

T13t 

20 

.375 

.614 

16.30 

4 

160.26 

30.36 

4&65 

a  a 

27 

.375 

.504 

16.30 

5 

167.20 

38.57 

45.68 

fk^ 

Mean 

.533 

16.23 

143.23 

40.71 

51.21 

7*" 

19 

.250 

*.420 

16.63 

4^ 

113.50 

32.40 

36lS2 

«iOC 

18 

.250 

.416 

16.64 

4 

120.25 

32.11 

36.50 

Mr 

17 

.250 

.412 

16.67 

4 

126.50 

31.83 

36.10 

Mr 

16 

.250 

.407 

16.61 

4 

133.25 

31.46 

35.60 

AK 

15 

.250 

.401 

16  60 

4 

139.50 

31  00 

34.72 

as 

14 

.250 

.396 

15.61 

4 

146.26 

30.50 

33.74 

nt 

13 

.250 

.386 

16.66 

4 

165.76 

29.91 

32.15 

&£ 

12 

.250 

.378 

16.70 

4 

163.50 

29  26 

29.78 

sri» 

11 

.250 

.367 

16.74 

4 

171.76 

28.46 

26.07 

as 

10 

.250 

.356 

16.79 

4 

179.50 

27.64 

21. » 

MM 

Mean 

.394 

15.64 

144.98 

30.46 

32.30 

&S 

9 

.125 

.267 

16.03 

4 

111.60 

30.06 

16.82 

4ii€ 

8 

.125 

.254 

16,01 

4 

119.00 

19.80 

16.62 

Ad. 

7 

.125 

.252 

16.07 

4 

126.76 

19.76 

16.16 

Mfr 

6. 

.126 

.249 

16,17 

4 

13412 

19.62 

15.47 

4LJr 

5 

.125 

.247 

16.23 

4 

141.00 

19.45 

14.55 

iLtf 

4 

.126 

.245 

16,18 

4 

146.26 

19.24 

13.32 

jT.r 

3 

.126 

.242 

16.22 

4 

162.26 

19.07 

1X08 

MV 

2 

.125 

.239 

16.11 

4 

159.60 

18.73 

9.68 

xat 

Meuii 

.248 

16.13 

123.80 

19.48 

1134 

fii* 

1 

.067 

.161 

16.49 

4 

153.25 

12.80 

THE  USE  OP  THE  TURBINE  AS  A  WATER  METER. 

In  conjunction  with  the  stream-gaging  operations  of  the  United  States  Geological  Somr 
in  New  York  and  the  New  England  States  the  method  of  utilizing  existing  dams  ts  vein 
and  of  determining  the  flow  through  turbines  by  using  them  as  meters  has  been  found  no- 
venient  in  many  instances. 

It  not  infrequently  happens  that  nearly  the  entire  fall  of  a  stream  is  taken  up  at  eiisto? 
dams,  leaving  no  opportunity  for  gaging  by  floats  or  current  meter  in  open  section  withoat 
encountering  backwater.  In  rapid,  precipitous  streams  the  current  may  be  so  roogfa  u 
to  render  open  section  measurements  unfeasible  without  great  expense  for  prepantion. 

The  use  of  the  turbine  as  a  water  meter,  as  well  as  a  water  motor,  has  been  meet  ekbo- 
rateiy  carried  out  at  Holyoke,  where  about  150  turbines  are  used  in  50  mills.  'Rmj  ht^ 
all  been  accurately  calibrated  in  the  testing  flume,  and  the  amount  of  water  used  lod  tc 
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be  paid  for  hj  the  different  companies  is  ascertained  from  daily  observations  of  the  head 
and  speed-gate  opening. 

A  similar  method  of  stream  measurement  has  been  in  use  at  Mechanicsville,  N.  Y.,  on 
the  HudscMi  Birer,  beginning  in  1888,  under  the  direction  of  R.  P.  Bloss.  In  1891-92 
stream  gagings  at  dams  and  mills  were  extensively  carried  out  in  New  Jersey  by  C.  C. 
Venneule,  «iid  in  1898  a  number  of  such  gaging  stations  were  established  in  New  York 
bj  George  W.  Rafter.  At  the  present  time  many  gaging  stations  at  dams  and  mills 
are  maintained  in  the  Great  Lakes  and  New  England  districts  by  the  United  States  Geological 
Surrey.  It  is  found  that  continuous  gaging  records  can  often  be  maintained  summer  and 
winter  in  this  way  where  other  methods  would  not  be  feasible  owing  to  obstruction  of  the 
streams  by  ice. 

In  some  cases  the  identical  turbines  used  in  the  mills  have  been  tested  at  Holyoke,  but 
in  the  majority  of  cases  dependence  must  be  placed  upon  tests  of  wheels  from  the  same 
patterns.  WBere  these  are  not  available  tests  of  wheels  of  the  same  make  but  of  different 
sizes  may  be  used  to  determine  the  proper  discharge  coefficients,  or,  in  the  absence  of  all 
tests,  the  manufacturer's  rating  tables  may  be  used  as  a  guide  in  calibrating  the  turbines. 
(For  discussion  of  such  tables,  see  p.  87.) 

In  connection  with  the  use  of  the  turbine  as  a  water  meter  various  questions  arise  rela- 
tive to  the  accuracy  attainable  under  different  conditions. 

KELLABUJTY  OF  HOI^TOKE  TESTS  AS  TO  TURBINE  DISCHARGE. 

Tests  made  by  the  writer  indicate  very  close  agreement  between  tested  and  actual  di»- 
chaige.    This  is  confirmed  by  other  unpublished  tests  which  have  been  examined. 

In  general  it  may  be  said  that  whereas  local  conditions  may  cause  considerable  depar- 
ture from  the  test  in  regard  to  power  and  speed,  the  discharge  will  remain  fairly  constant 
unless  the  turbine  is  in  so  cramped  a  position  as  to  partially  shut  off  free  access  of  the 
water  supply  to  the  wheel.  The  above  statements  also  apply  to  the  agreement  between 
manufacturer's  rating  tables  and  wheels  in  actual  use,  in  cases  where  the  rating  tables  have 
been  deduced  from  authentic  tests. 

The  following  figures  for  flow  measured  by  a  turbine  and  by  a  current  meter  at  gaging 
stations  wero  obtained  without  special  precautions,  conditions  being  the  same  as  for  the 
regular  gaging  record.  They  may  be  taken  as  representing  what  may  ordinarily  be  expected, 
the  fact  being  borne  in  mind  that  a  part  of  the  difference  between  the  turbine  and  current 
meter  measurements  may  be  attributed  to  errors  of  the  meter  measurements. 

CompariMn  of  discharge  measurements  mads  by  means  of  turbine  and  current  meter, 

MiddlerUle,  N.  Y.,  March  28,  1901,  head  8.25  feet. 
Turbine  measorement: 

06-iiich  Leflel,  full  gate 105 

214iich  Camden,  full  gate 14. 4 

36-iiich  Camden,  0  J5  gate ^ 36 

Waetewelr T 6.4 

Total 161.8 

Current-meter  measurement  In  headrace 160.0 

MlddlevUle,  N.  Y.,  September  10, 1900,  head  10  feet. 
Turbine  measurement: 

66-inch  Leflel.  full  gate 115.0 

31-inch  Camden,  full  gate 16.0 

Total 131.0 

Current-meter  meaeurement 132. 3 

Schoharie  FaUs,  N.  Y.,  April  5,  1901,  head  35.61  feet. 

Turbine  measurement: 

Pair  Leflel-Samson  40-inch  horizontal  turbines,  average  gate,  0. 449 210 

Current-meter  measurement «  in  headrace 216 


« A  slight  loM  by  leakage  occurred  between  point  of  measurement  and  the  power  house, 
ftbout  2  seoond-ftet. 
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Little  Falls,  N.  Y.,  Paper  Company's  mill,  head  12.25  feet. 
Turbine  measurement: 

60-inch  Camden,  approximately  0.75  gate 129 

42-inch  Camden,  0.75  gate 55 

36-lnch  Camden,  0.75  gate 44 

Reddy  turbines,  0.75  gate 60 


Total 

Current-meter  measurement  In  headrace . 


288 
302 


Mechanicsvllle,  N.  Y..  October  20,  1900. 

Turbine  measurement 1,977 

Current-meter  measurement* 1,871 


Proporti'onat part  fuiJ-gate  discharge 


Fio.  28.— Part-gate  discharge  coefficients  for  three  24-inch  Hercules  turbines,  showmg  close  agreement 
of  duplicate  wheels  from  the  same  patterns. 

VARIATION  IN  DIRCHARGE  FOR  DIFFERENT  WHEELS  OF  SAME  PATTERN. 

For  the  best  modem  wheels  having  guide  and  bucket  openings  made  to  conform  with 
standard  gages,  wheels  from  the  same  patterns  will  be  found  to  agree  closely  as  to  dis- 
charge. This  is  illustrated  by  fig.  28,  showing  part-gate  coeflBcient  for  three  24-inch  Her- 
cules turbines. 


Proportional  discharge 
Fig.  29.— Types  of  part-gate  discharge  coefficient  curves. 


a  Probably  too  small;  slackwater.  Very  unsatisfactory  meter  measurement.  The  flow  through 
individual  turbines  in  this  mill  has  been  checked  by  the  engineer  and  found  to  agree  within  2  or  3  per 
cent  with  maker's  tables. 
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VARIATION  IN  DISCHARGE  FOR  DIFFSRUNT  WHRCXS  OF  THE:  SAME  TYPE. 

Each  type  of  runner  and  speed  gate  has  its  own  characteristic  part-gate  discharge  coeffi- 
cient curve.  Fig.  29  shows  a  series  of  such  curves  for  various  types  of  wheels  with  cylin- 
der, pivot,  and  other  forms  of  gate.  As  a  rule,  the  part-gate  coefficient  curve  is  slightly 
concave  upward.  The  discharge  for  one-half  gate  usually  exceeds  one-half  of  that  of  the 
full  gate,  while  the  discharge  from  three-fourths  to  full  gate  is  often  nearly  proportional 
to  the  gate  oi>ening. 

The  various  sizes  of  patterns  of  the  principal  builders  resemble  one  another  vary  closely. 
It  will  be  found  (see  pp.  94-125)  that  the  power,  speed,  and  discharge  of  the  various  sizes  are 
very  nearly  mathematical  functions  of  the  diameter. 

The  characteristic  part-gate  coefficient  curve  for  any  type  of  wheel  is  usually  persistent 
for  all  sizes,  within  narrow  limits  of  variation.  Figs.  20  to  23  (on  pp.  41-42)  ^low  part- 
gate  discharge  coefficient  curves  for  various  sized  McCormick  turbines  from  12  to  57  inches 
diameter.  With  the  exception  of  the  54-inch  wheel,  the  curves  for  the  different  diameters 
resemble  one  another  closely. 

Taking  the  coefficients  for  various  gate  openings  from  the  diagram,  we  obtain  the  fol- 
lowing table: 

Part-gale  discharge  coefficients  for  McCormick  turbines. 


Diameter  c  f 
wheel. 


Inches. 
12 
15 
18 
21 
24 
27 
30 
33 
36 


Full  gate. 


1.000 

1.000 

1.012 

1.005 

.998 

1.006 

.970 

.998 

1.006 


Three- 
fourths 
gate. 


0.855 
.868 
.888 
.866 
.8e4 
.855 
.850 
.860 
.870 


One-half 
gate. 


.655 
.655 
.645 
.642 
.638 
.672 


Diameter  of 
wheel. 

Full  gate. 

Three- 
fourths 
gate. 

One-half 
gate. 

Inches. 
39 
42 
45 
48 
51 
57 

0.988 
.993 

1.005 
.980 

1.006 

1.005 

0.845 
.830 
.868 
.838 
.840 
.864 

0.628 
.628 
.655 
.610 
.625 
.652 

Average. . . . 

.998 

.8574 

.6484 

It  will  be  seen  that  the  departure  from  the  average  does  not  exceed  5  per  cent  for  either  the 
one-half  or  three-fourths  gate  coefficients  for  any  of  the  sizes  litted.  This  variation  is  due, 
at  least  in  part,  to  the  fact  that  the  different  wheels  were  not  all  tested  over  the  same  range 
of  loads  and  speeds.  The  coefficients  given  are  the  averages  for  the  loads  and  speeds  included 
in  the  test  at  a  given  gate  opening.  These  cover  the  range  of  variation  likely  to  occur  in 
ordinary  practice. 

Part-gate  discharge  coefficients  for  Hercules,  Ijeffel-Samson ,  and  New  American  turbines. 

HERCULES. 


Diameter  of 
wheel. 


Inches. 
42 
45 


51 

54 


Full  gate. 


0.1160 
.969 
.994 
.9685 
.976 


Three- 
fourths 
gate. 


0.847 
.842 
.834 
.834 


One-half 
gate. 


0.612 
.598 


.600 
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Part^ate  discharge  coeficienisfar  Hercules  j  LeffeUSamson,  'ixnd  New  American  t\trbine9 — Ow 

LEFFEL-SAMSON. 


DIaaieterol 
wheel. 

Full  gate. 

Three- 
fourths 
gate. 

One-half 
gate. 

j       Inches. 

;       23 

35 
45 
56 

0.995 
.905 
.995 
.995 

0.82 
.78 
.81 
.785 

0.58 
.535 
.56 
.535        , 

\      Average... 

.995 

.799                 .562 

i 

NEW  AMERICAN. 


l.OOl 

0.924 

0.768 

1.003 

.920 

.768 

1.004 

.940 

.790 

1.003 

.914 

.796 

.998 

.922 

.795 

42 
45 
51 
57 
57 


VARIATION  OF  TURBINE  DISCHARGE  WITH  SPEED. 

Holyoke  tests  show  that  a  turbine  gives  maximum  efficiency  for  each  gate  opening  undei 
some  certain  speed.  Considering  the  ]>eripheral  speed  as  a  percentage  of  the  spoutini; 
velocity  due  to  the  head,  the  following  ratios  are  found  for  maximum  efficiency  for  the  Her- 
cules turbine,  results  of  tests  of  which  are  shown  in  figs.  15  to  19. 

*  Peripheral  speed  for  maximum  efficiency,  various  gale  openings.— Hercules  turbines. 


Gate  opening. 


Full. 

0.806 
.647 
.489 
.379 


I 


Ratio  of  penph- 
eral  velocity  to 
velocity  due  to 
head. 


0.676 
.652 
.642 
.603 
.585 


It  will  be  seen  that  the  speed  of  maximum  efficiency  decreases  slowly  with  decreased  gate 
opening.  A  turbine  should  be  geared  to  drive  the  machinery  to  which  is  connected  at  a 
proper  speed  when  the  turbine  is  running  at  its  speed  of  maximum  efficiency  for  the  gate 
opening  at  which  it  is  commonly  operated.  If  a  turbine  is  running  above  or  below  its  nor- 
mal speed  for  a  given  head  and  gate  opening  its  discharge  will  vary  from  that  given  in  the 
maker's  tables.  In  using  the  turbine  as  a  water  meter  it  is  important  that  the  normal  speed 
at  which  the  wheel  runs  under  load  should  be  known.  The  amount  of  variation  in  discharge 
resulting  from  varying  the  load  and  speed,  the  head  remaining  constant,  is  shown  in  figs.  30, 
31,  32,  which  give  speed-discharge  curves  lor  three  sizes  of  Smith-McCormick  turbines.  A 
similar  analysis  of  the  eH'ect  of  variation  in  load  and  speed  can  be  made  for  other  sizes  and 
types  of  turbines  from  the  data  furnished  by  Holyoke  tests,  given  on  pages  43-76. 

For  the  ordinary  range  of  speed  variation  the  discharge  at  a  given  gate  opening  usually 
decreases  as  the  load  decreases  or  as  the  speed  increases.  An  overloaded  turbine  will,  as  a 
rule,  use  more  water  than  one  running  at  its  normal  load  under  the  same  head  and  gate  open- 
ing. Turbines  may  be  so  constructed  that  the  quantity  of  water  dischai^ed  attains  a  maxi- 
mum for  each  head  and  gate  opening  when  running  under  a  certain  load.     For  loads  either 

less  or  greater  the  discharge  and  power  will  decrease. 
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Tbe  azDOunt  of  TarUition  in  dischaige  corresponding  to  a  given  range  of  variation  in  speed 
is  usuaDj  a  maximnm  at  full  gate,  decreasing  as  the  gate  opening  is  decreased.  The  amount 
of  variation  in  full-gate  discharge  resulting  from  such  variations  in  speed  as  will  usually  be 
allowable  in  practice  is  ordinarily  small.    This  is  illustrated  by  the  following  table. 

Variatityn  infuU-gaie  discharge  with  varying  sjteed,  Smith- McCormick  tuHnnes. 


Wheel. 

Range  in  speed. 

Correapond- 
ingvariationii 
In  diachaige. 

3l-indi 

^. 

Revolutums  per 
minute. 

178  to  231 

123  to  146 

Percent. 

2.8 
3  3 

S4.«nrh 

81  to  110 

3.4 

For  the  turbines  considered  in  the 
above  table  a  variation  of  25  per 
c^nt  in  the  speed  at  full  gate  will 
cause  a  variation  but  little  exceeding 
3  per  cent  in  the  discharge.  If  a 
turbine  runs  normally  at  its  tabled 
speed,  and  variations  in  excess  or 
deficiency  are  equaDy  likely  to  occur, 
their  effect  on  discharge  may  com- 
monly be  neglected  in  using  the 
turbine  as  a  water  meter. 

Turbines  controlled  by  automatic 
governors  often  afford  favorable  op- 
portunities for  recording  the  dis- 
charge. Care  should  always  be  taken 
to  eliminate  slip  of  the  turbine  gate 
mechanian  and  to  have  the  governor 
gate  indicator  so  set  that  its  indica- 
tions correspond  with  the  actual  pro- 
portional opening  of  the  turbine 
gates.  A  scale  attached  directly  to 
the  turbine  gate  cylinder  or  gate 
stem  and  graduated  by  trial  may 
often  be  used.  It  should  indicate 
zero  when  waste  motion  in  the  mech- 
anism  has  just  been  taken  up  and 
full  gate  at  such  a  point  that  any 
ports. 
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Flo.  30.— Variation  of  turbine  dischaige  with  speed,  24-lnch 
McCormick  turbine. 

further  opening  does  not  increase  the  area  of  the  inlet 


TARIATION  OF  TURBINE  COEFFICIENTS  WITH  VARIATION  IN  HEAD. 

The  dischaige  coefficients  for  heads  corresponding  with  those  used  in  making  tests  at  the 
Holyoke  flume  are  known  with  considerable  accuracy. 

In  the  use  of  the  turbine  as  a  water  meter,  where  the  wheels  are  installed  under  heads 
either  greater  or  less  than  those  used  at  the  Holyoke  flume,  the  question  arises  as  to  the 
applicability  of  the  discharge  coefficients.  Data  of  tests  by  James  Emerson  (p.  30)  indicate 
that  the  coefficients  of  discharge  through  turbine  buckets  and  guides,  considered  as  orifices, 
ire  vciy  nearly  constant  for  ordinary  heads. 


IBB  180— 06 6 
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It  will  be  reasonably  supposed,  however^  in  accordance  with  the  well-known  variation  of 
coefficient  for  standard  orifices,  that  as  the  head  is  increased  the  coefficient  of  dischaiige  for 
turbines  would  slig^htly  decrease.  Data  to  determine  whether  this  is  true  or  not  are  almost 
entirely  wanting.  It  may  be  said,  however,  from  inference  by  comparison  with  experiments 
on  orifices  under  varying  heads,  that  the  coefficient  of  discharge  probably  differs  slightly  for 
turbines  under  high  heads  from  that  for  similar  wheels  under  lower  heads,  the  rate  of  varia- 
tion decreasing  as  the  head  increases. 

The  rating  tikbles  of  manufacturers  are  deduced  by  making  the  dischai^  directly  propor- 
tional to  the  square  root  of  the  head.  This  will  be  correct  only  in  case  the  coefficient  of  dis- 
charge through  the  turbine  orifices  remains  con.stant. 

Stock  patterns  of  the  turbines  are 
>eldoni  applied  under  heads  exceeding 
()0  feet.  The  available  records  of  tests 
of  special  high-head  turbines  in  situ  do 
not  afford  any  means  of  determining 
what  the  discharge  coefficient  for  the 
same  turbines  would  be  if  they  were 
operated  under  such  heads  as  are  com- 
monly experienced  with  stock  pattern:) 
of  wheels. 

METHODS  OF  TURBINE 
SETTING  AND  ARRANGE- 
MENT. 

The  rouet  N'olant^,  scroll  central-dis- 
charge, Foumeyron,  and  early  Francis 
turbines  were  erected  on  vertical  shafts 
in  wooden  or  iron  penstocks  set  along- 
side the  flume  to  which  they  were  con 
ncct«d  by  a  .short  trunk  or  chute. 

The  tub  wheel  and  the  Jonval  turbine 
were  capable  of  being  set  over  a  hole  in 
the  bottom  of  an  open  flume.  The 
greatly  decreased  cost  of  this  mode  of 
erection  led  to  its  general  use  in  the 
latter  half  of  the  last  century,  and 
mast  turbines  of  the  American  type 
are  designed  with  special  reference  to 
this  mode  of  erection,  several  wheels 
often  lx»ing  set  in  the  same  flume.  The 
serious  disadvantage  of  this  method  \^ 
the  impossibility  of  Inspecting  or  re- 
pairing any  wheel  without  stopping  til 
and  drawing  ofT  the  water.  For  most  purposes,  except  burrstone  mills,  power  is  required 
on  horizontal  shafts,  and  gears  must  be  introduced  if  vertical  turbines  are  used. 

The  .'^tcp  or  thnist  lx»arings  of  vertical  turbines  support  the  weight  of  the  inc-umbent  mill- 
work  and  machinerj'.  The  weight  and  thrust  of  a  vertical  turbine  is  now  often  supported 
by  a  water-balanced  step  lx»aring,  which  relieves  the  mechanism  of  undue  friction  and  wear. 
\Vhere  two  wheels  discharging  in  opposite  directions  are  placed  on  a  horizontal  shaft  the  end 
thrust  is  neutralized  ( 1^1.  II ) .  By  inverting  a  vertical  turbine  and  causing  the  water  to  flow 
upward  through  the  buckets,  the  vertical  component  of  pressure  CAn  be  utilized  for  the  same 
purpose,  as  it  is  in  the  Foumeyron  turbines  of  the  Niagara  Falls  Power  Company's  installa- 
tion (fig.  3). 
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A.     PAIR  OF  TURBINES  WITH  PIVOT  GATES  MOUNTED  ON  HORIZONTAL  SHAFT  AND 
DISCHARGING  INTO  A  COMMON  DRAFF  TUBE. 


n.     PAIR  OF  TURBINES  ON  HORIZONTAL  SHAFT. 

Water  ift  received  from  cylindrical  steel  penstock  and  discharged  in  opposite  directions  into  quarter- 

turn  draft  tubes. 
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Credit  for  the  erection  of  the  first  pair  of  turbines  on  a  horizontal  shaft  is  claimed  by  E. 
Geyelin  a  by  whom  the  Jonval  turbine  was  introduced  into  America  about  18^.  The  draft 
tube  was  a  feature  of  the  Jonval  turbine,  and  its  use  made  the  horizontal  turbine  possible, 
since  without  it  a  considerable  portion  of  the  head  of  horizontal  wheels  must  be  lost,  as  the 
vbeels  have  to  stand  above  tail-water. 

Vertical  turbines  in  open  flumes  must  be  set  singly,  one  on  a  shaft.  With  the  double 
borizoDtal  arrangement  power  equal  to  that  of  a  ver}"  large  vertical  turbine  can  be  obtained 
toother  with  a  much  greater  speed. 

Tests  of  turbines  on  horizontal  shafts  were  made  by  James  Emerson  in  1879.     A  pair 
of  35-iDch  Gates-<\jrtis  wheels  with  a   rectangular  wooden  draft  tube  were  used,  and  an 
average  full-gate  efficiency  of  71.07  per 
cent  was  obtained,  as  compared  with 
82.52  per  cent  for  one  of  the  same  run- 
ners tested  vertically. 

The  result  of  this  test  and  the  belief 
that  a  horizontal  wheel  shaft  would 
wear  its  bearings  unequally  lind  rub  at 
the  bottom  and  leak  at  the  top  of  its 
case — a  belief  held  by  James  Emerson — 
undoubtedly  did  much  to  delay  the 
introduction  of  horizontal  wheels. 
Their  advantages  are  facility  of  access 
Kod  facility  of  direct  connection  to 
generators,  centrifugal  pumps,  and 
other  machines,  together  with  the 
ability  to  obtain  large  power  on  a  single 
high-speed  shaft,  four  or  even  six  run- 
ners often  being  mounted  tandem  for 
this  purpose. 

Too  macfa  emphasis  can  not  be  laid 
upon  the  importance  of  allowing  ample 
room  all  around  the  gate  inlets  where 
turbines  are  set  in  quarter-turn,  globe, 
or  cylindrical  casings.  The  Holyoke 
Water  Power  Company  gives  the  gen- 
eral rule:  allow  velocity  in  turbine  cas- 
ing not  to  exceed  3  feet  per  second  and 
in  draft  tube  not  to  exceed  4  or  5  feet 
per  second. 

The  more  common  methods  of  tur- 
bine setting  in  power  plants  are  as 
follows: 

1.  Wheels  may  be  arranged  vertically  in  open  flumes  and  connected  by  In-vel  gear  liar- 
ness.  This  method  is  well  adapted  for  use  under  low  heads.  Several  wheels  can  be  con- 
trolled by  one  governor.  Wheels  can  be*  arranged  in  units  of  three  or  four,  which  can  Ik* 
cut  off  successively  by  means  of  clutches  beginning  with  the  unit  most  remote  from  the  driv- 
ing end,  thus  allowing  for  variation  of  head  and  load.  The  governor  may  l)e  attached  to 
but  one  unit,  additional  units  being  controlled  by  hand  and  generally  operated  full  gate, 
thus  giving  maximum  efficiency  for  the  system.  Wheels  are  set  in  cast-iron  penstocks  or 
globe  cases,  or  in  cylindrical  riveted  steel  penstocks  in  a  numt)erof  ways.  Single  wheels 
are  often  placed  in  quarter-tum  cases,  with  vertical  or  horizontal  shafts.  Double  horizontal 
wheels  may  receive  water  from  separate  penst<K!ks  and  discharge  through  a  common  draft 
tube,  or  may  receive  through  a  common  penstock  and  have  separate  draft  tulxvs:  or  they 
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may  have  both  feeder  and  draft  tubes  in  common.    The  principal  features  of  each  method 
are  included  in  the  following  classification. 

2.  Wheels  may  be  arranged  in  pairs  on  a  horizontal  shaft,  with  a  common  draft  tube. 
E^h  pair  may  be  in  a  penstock  compartment  by  itself,  with  drop  planks  at  the  entry,  ao 
that  the  water  can  be  drawn  from  any  pair  without  disturbing  the  others.  This  is  an  excel- 
lent and  economical  arrangement  for  moderate  heads,  say  12  to  40  feet,  and  one  which  gives 
large  area  and  free  access  of  water  to  wheel  chutes  from  all  sides.  Two  pairs  in  tandem, 
with  quill  shaft,  can  be  used,  enabling  them  to  be  operated  singly  or  as  a  unit. 

3.  Horizontal  pairs  of  runners  may  be  set  in  a  cylindrical  steel  penstock,  having  a  com- 
mon central-draft  tube.  This  method  is  adapted  to  cases  where  a  line  of  driving  shaft  can 
be  placed  parallel  to  a  circular  st^  flume  leading  from  the  dam,  or  where  several  units  are  to 
be  driven  from  a  common  bulkhead,  in  which  case  the  wheels  for  each  unit  are  in  a  short 


Fio.  33.— Cross  8<«tion  of  power  house,  at  Chevrfes,  near  Geneva.  Switzerland. 

trunk  leading  from  the  foot  of  the  bulkhead.  A  gate  valve  near  the  bulkhead  will  enable 
each  unit  to  l)e  w^paratoly  cut  off.  Two  wheel  units,  each  containing  either  two,  four,  or 
even  six  pairs  of  runners,  can  be  used  in  conjunction  with  a  quill  shaft,  if  desired. 

4.  Horizontal  pairs  of  runners  may  be  set  in  a  cylindrical  steel  penstock,  fed  from  the 
center  and  discharging  outward  into  separate  quarter-turn  draft  tubes.  This  arrangement 
possesses  features  similar  to  the  preceding,  but  enables  the  driving  shaft  to  be  placed  at 
right  angles  to  the  feeder  trunk  and  also  gives  the  water  somewhat  more  freedom  of  access 
to  wheel  inlet  ports.  A  feeder  trunk  is  sometimes  placed  parallel  to  the  power  house,  and 
short  lateral  feeders  connect  it  with  the  penstocks,  arranged  as  above.  Short  bends  in  the 
feeder  line  are,  however,  undesirable.  This  arrangement  generally  leaves  a  dead  end  at  the 
foot  of  the  penstock,  in  which  ice  may  accumulate.  A  large  blow-off  valve  should  always 
be  provided  at  the  foot  of  a  steel  penstock. 
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TURBINE  PLANTS  FOR  VARYING  HEAD. 


If  the  guide  chutes  of  a  turbine  are  designed  with  an  area  somewhat  in  excess  of  that 
required  by  theory  at  full  gate,  a  wheel  of  very  great  capacity  may  be  obtained,  which  will 
give  its  maximum  efficiency  at  three-fourths  or  seven-eighths  gate.  (See  figs.  14-19). 
Turbines  for  electrical  service  must  nearly  always  have  some  reserve  power  and  are  seldom 
operated  at  full  gate.  With  a  fairly  steady  load,  a  moderate  range  of  variation  in  the  head 
may  be  taken  care  of  with  such  wheels  and  uniform  speed  maintained  by  increasing  the  gate 
opeDing  as  the  head  decreases.  Where  there  are  large  variations  in  the  head,  covering 
considerable  periods  of  time,  other  expedients  must  be  resorted  to.  The  effect  of  a  given 
range  of  variation  in  head  increases  rapidjy  as  the  head  decreases.  For  example,  the 
decrease  in  speed  resulting  from  1  foot  decrease  in  head  is  as  follows: 

Effect  of  varying  heads  on  turbine  speed. 


OriglDal 

hMMl. 

Decreased 
head. 

Resulting  speed 
(per  cent  of 
original). 

Feet. 

4 

10 

50 

100 

Feet. 

3 

9 
49 
99 

86.60 
94.87 
99.00 
99.50 

In  order  to  obtain  uniform  speed  and  power  when  operating  under  high  head  with  small 
flow  part  of  the  time,  and  under  a  small  head  with  large  flow  part  of  the  time,  two  sets  of 
turbines  may  be  installed,  one  of  large  diameter,  but  with  small  openings,  to  operate  under 
high  head,  the  other  of  small  effective  diameter,  but  greater  depth  and  capacity,  for  lower 
heads.  Such  an  arrangement,  in  use  at  Chevr^,  near  Geneva,  Switzerland,  is  illustrated  in 
fig.  33.  The  upper  wheel  is  used  in  winter  with  a  head  of  28  feet  and  a  stream  discharge  of 
4,250  cubic  feet  per  second,  and  the  lower  wheel  is  used  in  sunmier  with  a  head  of  15  feet 
and  a  stream  dischaige  of  31,800  cubic  feet  per  second. 

CONDITIONS    GOVERNING    ECONOMY    IN    SIZE    AND    NUMBER    OP 

TURBINES    USED. 

The  cost  of  a  turbine,  including  foundation  and  erection,  is  about  proportional  to  its  diam- 
eter. Small  turbines  are  sometimes  selected  for  use  under  low  heads  because  of  their 
greater  speed,  which  enables  them  to  be  directly  connected  to  machines.  The  writer 
observed  in  one  case  26  small  old  register-gate  turbines  in  one  flume,  doing  only  as  much 
work  as  perhaps  one-third  their  number  of  large  modem  wheels  would  have  done,  includ- 
ing loss  through  gearing  and  jack  shaft. 

Turbines  in  use  on  Black  River ,  New  York^  in  1898. 


Diameter  of 
wheel  in  inches. 


IS  to  27J 
30  to  34 
35  to  39 
40  to  44 
4.5  to  48 


Number. 


Diameter  of 
wheel  in  inches. 


Number. 


16 
84 
111 
46 
27 


Soto  54 
55  to  57 
60  to  61 
66  to  72 

Total.. 


44 

17 
30 
5 


380 


In  a  canvass  of  water  power  on  Black  River,  New  York,  in  1898,  it  was  found  that  of  a  total 
of  380  turbines  50  per  cent  were  from  30  to  40  inches  diameter.  In  many  places,  notably 
at  pulp  mills,  it  was  clearly  evident  that  the  use  of  larger  turbines  would  have  been  more 

Digitized  by  VJ^^^^VIV^ 


86 


TUBBINE    WATER-WHEEL   TESTS    AND    POWER   TABLES. 


economical.  The  heads  were  those  most  commonly  occurring  everywhere — 10  to  20  feel 
It  was  also  found  that  25  per  cent  of  the  wheels  in  use  were  operated  at  very  uDeconomici 
widths  of  gate  opening,  varying  from  one-fourth  to  three-fourths. 

Turbines  of  medium  sizes,  of  which  the  greater  number  are  manufactured,  are  likely  t 
be  the  most  reliable  and  to  give  the  best  service.  Manufacturers  scales  of  prices  are  als 
so  adjusted  that  turbines  of  medium  sizes,  36  to  48  inches  diameter,  cost  less  per  horsepowe 
than  do  sizes  either  larger  or  smaller. 

The  peripheral  speed  of  maximum  full-gate  eflBciency  is,  for  turbines  of  a  given  design 
nearly  a  constant  fraction  of  the  spouting  velocity  due  to  the  head.  This  is  illustrated  b^ 
the  following  tests  of  various  sized  Hercules  turbines: 

Peripheral  speed  of  Hercules  turbines  at  full  gate. 


Diameter  , 
in  inches.  I 


Date  of  test. 


Test 
number. 


42 '  February  18-19,  1897... I 

45 July  19,  1897 ' 

48 1  October  10-11.  1898.... I 

51 ,  February  25,  1898 


54 November  12,  1897 


....| 

...., 


1030 
1147 
1077 
1051  I 


Head  (in 

feet)  at 

maximum 

efflciency. 

v/2gH= 
vel.  due 
to  head. 

Speed  in 
revolu- 
tions per 
minute. 

Peripheral    Ratio: 
speed  m      col.  7. 
feet  per       ^^^ 
second.         *"' 

4 

6 

« 

7                 8 

15.73 
15.75 
15.53 
14.01 
14.07 

31.809 
31.829 
31.606 
30.020 
30.084 

119.75 
111.20 
104.25 
91.25 
84.12 

1 
21.946  j  0.6899' 
21.*4  1     .6859S 
21.838  ,     .690* 
20.306       .6-543 
19.820       .65883 

The  discharge,  and  hence  also  the  power  of  a  turbine,  is  nearly  proportional  to  the  square 
of  its  diameter.  The  extent  to  which  this  is  true  in  practice  depends  upon  the  similaritj? 
of  form  of  different  sized  turbines  of  the  same  make.  The  members  of  certain  series  of  pat- 
terns made  by  some  builders  are  perfectly  homologous,  one  particular  size  having  been 
developed  by  experiments  and  others  being  made  larger  or  smaller  in  strict  proportion. 
For  other  types  each  size  is  a  law  unto  itself,  though,  of  course,  there  is  a  general  resem- 
blance between  the  different  sizes.  How  nearly  proportional  to  the  square  of  the  diameter 
is  the  discharge  may  be  judged  from  the  following  table,  in  which  the  capacity  of  various 
sized  Hercules  and  Smith  No.  2  Success  turbines  are  compared.  The  factor  vent -J- (EWam.^) 
should  he  constant  if  the  discharge  is  proportional  to  the  square  of  the  diameter.  If  the  effi- 
ciency is  constant,  the  power  at  a  given  head  is  proportional  to  the  discharge. 

Relations  between  diameter  and  discharge  and  power  of  turbines  of  various  sizes. 


Diameter. 

Square  of 
diameter. 

Hercules  (cylinder  gate). 

Smith  No.  2  Success 
(pivot  gate). 

Vent. 

Vent 
Diameter.  > 

Vent. 

Vent   . 
Diameter.* 

1     Inches. 

Sq.  in. 

Si,,  in. 

9 

81 
144 
225 

24.80 
42.89 
69.19 

0.305 
.298 
.307 

12 

15 

41 

0.182 

18 

324 

96.5h 

.298 

59        j          .182 

1          21 

441 

136 

.308 

81        1          .183 

24 

576 

168 

.292 

102        1          .  177 

30 

900 

265 

.297 

168        1          .188 

'          36 

1,296 

379 

.293 

235        1          .181 

'          42 

1,764 

555 

.315 

361        I          .205 

48 

2,301 

687 

.298 

471        i          .204 

1          ^ 

2,496 

897 

.308 

580        '          .199 

I          60 

3,600 

1,074 

.297 

730        1          .203 
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It  will  be  aeen  that  for  the  Hercules  and  No.  2  Success  the  discharge  as  rated  by  the 
maDufacturer  is  nearly  proportional  to  the  ^uare  of  the  diameter.  Assuming  the  power 
to  be  prop>ortional  to  the  square  of  the  diameter,  the  diameter  D  of  a  single  turbine  equal 
in  power  to  two  smaller  wheels,  each  of  diameter  d,  is: 

D=\/2d^  =  1.41  d. 
If  two  equal  wheels  of  diameter  d  are  to  replace  a  single  wheel  of  diameter  D,  then 


d=;^=5%/2XD=0.705D. 


If  m  wheels  each  of  diameter  D  are  to  replace  n  wheels  of  diameter  d,  then 

mD>=nd« 
and 


D=dJ» 
V  m 

d=D> 
>  n 


If  a  single  wheel  of  diameter  D  is  to  replace  two  wheals  of  unequal  diameters  d,  and  d,,  then 

D=v/d,'+(i;^ 
Similarly,  if  m  wheels  of  diameter  D  are  to  replace  any  series  of  wheels  in  which  there  are 
A  wheels  of  diameter  d,,  B  wheels  of  diameter  d^,  C  wheels  of  diameter  d^,  etc.,  then 

mD>=A  d,M  B  dJ+C  d,S  etc. 
or 

D=J^  (A  d."  ^  B  d,-'  ^C  d,M  etc.) 
'  m 

Considerations  like  the  above  will  be  found  convenient  in  selecting  the  best  diameters 
and  arrangements  of  turbines  and  in  remodeling  old  plants. 

MANUFACTURER'S  TABLES  OP  POWER,  SPEED,  AND  DISCHARGE. 

GENERAL  DLSCUSSION. 

Nearly  all  American  turbine  builders  publish  rating  tables  in  their  catalogues,  showing 
the  discharge  in  cubic  feet  per  minute,  speed  in  revolutions  per  minute,  and  horsepower  for 
each  size  pattern  under  heads  varying  from  3  or  4  feet  to  40  feet  or  more. 

Inasmuch  as  these  rating  tables  furnish  in  many  casen  the  only  means  of  ascertaining  the 
quantities  of  water  provided  by  riparian  rights,  or  the  amounts  of  power  used  by  mills,  the 
question  of  their  reUability  is  of  some  importance. 

Examples  of  each  size  of  a  number  of  the  leading  types  of  turbines  have  been  tested  in 
the  Holyoke  flume.  For  such  turbines  the  rating  tables  have  usually  been  prepared  directly 
from  the  tests.  In  some  cases  the  average  of  the  full-gate  power  of  a  number  of  tests  has 
been  used;  in  other  cases  the  power  corresponding  to  maximum  efficiency  from  a  single  test 
has  been  used  as  a  basis  for  calculation. 

Let  M,R,and  Q  denote,  respectively,  the  horsepower,  revolutions  per  minute,  and  discharge 
in  cubic  feet  per  minute  of  a  turbine,  as  expressed  in  the  manufacturer's  tables,  for  any  head 
n  in  feet.  The  subscripts  1  and  16  added  signify  the  power,  speed,  and  discharge  for  the 
particular  heads  1  and  16  feet,  respectively. 

Let  P,  N,  and  F  denote  coefficients  of  power,  speed,  and  discharge,  which  represent,  respec- 
tively, the  horsepower,  revolutions  per  minute,  and  discharge  in  cubic  feet  per  second  under 
a  head  of  I  foot. 

The  speed  of  a  turbine  or  the  number  of  revolutions  per  minute  and  the  discharge  are 
proportional  to  the  square  root  of  the  head.  The  horsepower  varies  with  the  product  of  the 
head  and  dischaiige,  and  is  consequently  proportional  to  the  three-halves  power  of  the  head. 
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If  we  have  given  the  values  of  M,R,  and  Q  from  the  manufacturer's  tables  for  any  head  H 
we  can  calculate  these  quantities  for  any  other  head  h  by  the  following  formulas: 


Mh 

:M,  : 

:H« 

:hi 

Rb 

R|>: 

:H» 

:hl 

Qh 

:<i.: 

:H» 

:h* 

(1) 


If  H  and  h  are  taken  at  16  feet  and  1  foot,  respectively,  we  may  derive  formulas  from 
which  the  coefficients  P,  N,  and  F  can  be  conveniently  calculated  as  follows^ 


H 

64 

R,. 

-  R.. 

4 

Q.. 
eoH* 

240 

p  - 


N  -    -'5    - 


-  0.01562  M,8 


-  0.25  R,, 


0.00417  Q,« 


(2) 


P,  N,  and  F,  when  derivecl  for  a  given  wheel,  enable  the  power,  speed,  and  dicharge  to  he 
calculated  without  the  aid  of  the  manufacturer's  tabl^,  and  for  any  head  H,  integral  or 
fractional,  by  means  of  the  following  formulas: 


M.«,(|..)-PH. 

V  Hi 


(3) 


Since  at  a  head  of  1  foot,  and  M,,  R,,  and  Q,  equal  P,  N,  and  60  F,  respectively,  H,^  and 
v^H,  each  equals  1. 

The  accompanying  tables  give  the  values  of  P  and  N  and  F  for  turbines  of  various  styles 
and  sizes,  and  tables  are  appended  giving  three-halves  powers  and  square  roots,  by  the  use 
of  which  the  quantities  can  be  calculated  for  any  head  and  turbine  with  facility. 

Besides  presenting  the  individual  constants  of  turbines  in  very  compact  form,  as  com- 
pared with  manufacturer's  rating  tables,  these  coefficients  afford  a  means  for  comparison  of 
the  capacity  of  different  turbines. 
The  following  examples  illustrate  the  use  of  the  tables: 
On  page  122  we  find  for  a  3G-inch  Hercules  turbine — 

Power  coefficient,         1 .91  =  P 

Discharge  coefficient,  21.1  =  F 

Speed  coefficient,         32.2  =  N 

To  find  the  power,  discharge,  and  speed  for  any  head,  multiply  P  by  the  throe-halves  power 

of  the  head  to  get  the  horsepower,  and  rautiply  F  and  N  by  the  square  root  of  the  head  to 

get  the  discharge  in  cubic  feet  per  second  and  the  revolutions  per  minute,  respectively,  or 

as  formulas: 

Horsepower= PII* 

Cubic  feet  per  second =FH* 

Revolutions  per  minute=NH* 

To  determine  these  factors  for  a  head  of,  say,  7.5  feet,  find  in  the  tables  of  three-halved 
powers,  and  square  roots,  pages  90-94: 

7.5J  =  20.54 
%/7.5    =    2.74 
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Multipl3ring,  we  get  for  a  36-inch  Hercules  turbine  under  7.5  feet  head — 
Horsepower  =20.54X  1.91=39.2. 

Cubic  feet  per  second     =21.1  X  2.74=57.8. 
Revolutions  per  minute=32.2  X  2.74=88.2. 
If  the  discharge  in  cubic  feet  per  minute  is  desired,  multiply  the  cubic  feet  per  second  by 
60  and  we  get,  cubic  feet  per  minute =3,468. 

Tests  of  different  turbine^  from  the  same  pattern  have  been  found  to  agree  closely  if  the 
conditions  were  similar.  The  manufacturers'  rating  tables  can  as  a  rule  be  relied  upon 
within  a  small  percentage,  where  they  are  obtained  from  complete  test  records  as  above 
described. 

There  are  other  turbines  on  the  market  for  which  tests  of  only  one  or  two  sizes  of  pat- 
terns have  .been  made.  In  such  cases,  the  rating  tables  for  sizes  other  than  those  tested 
have  been  computed,  usually  on  the  following  basis: 

1.  The  efficiency  and  coefficients  of  gate  and  bucket  discharge  for  the  sizes  tested  have 
been  assumed  to  apply  to  the  other  sizes  also. 

2.  The  discharge  for  additional  sizes  has  been  computed  in  proportion  to  the  measured 
area  of  the  vent  or  discharge  orifices. 

Having  these  data,  together  with  the  efficiency,  the  tables  of  discharge  and  horsepower 
can  be  prepared.  The  peripheral  speed  corresponding  to  maximum  efficiency  determined 
from  tests  of  one  size  of  turbine  may  be  assumed  to  apply  to  the  other  sizes  also.  From 
this  datum  the  revolutions  per  minute  can  be  computed,  the  number  of  revolutions  required 
to  give  a  constant  peripheral  speed  being  inversely  proportional  to  the  diameter  of  the 
turbine. 

Other  turbines  are  on  the  market  for  which  there  appear  to  be  no  authentic  tests  of  any 
sizes.  Some  of  these  wheels  are  close  copies  of  known  types,  the  rating  tables  for  which 
have  been  adopted  or  slightly  modified  as  seemed  necessary. 

In  point  of  discharge,  the  writer's  observation  has  been  that  the  rating  tables  are  usually 
fairly  accurate.  In  the  matter  of  efficiency  there  are  undoubtedly  much  larger  discrep- 
ancies. 

The  discharge  of  turbines  is  nearly  always  expressed  in  the  manufacturers'  tables  in  cubic 
feet  per  minute.  The  vent  in  square  inches  is  also  used  by  millwrights  and  manufacturers, 
althou^  to  a  decreasing  extent.  Engineers  prefer  to  express  the  discharge  of  turbines 
in  cubic  feet  per  second  (second-feet)  to  conform  with  general  practice  in  stream  gaging 
and  in  power  calculations.  The  vent  of  the  turbines,  as  usually  expressed,  is  the  area  of 
an  orifice  which  would,  under  any  given  head,  theoretically  discharge  the  same  quantity 
of  water  that  is  vented  or  passed  through  a  turbine  under  that  same  head  when  the  wheel 
is  so  loaded  as  to  be  running  at  maximum  efficiency. 

If  V=vent  in  square  inches 
Q=  discharge  in  cubic  feet  per  minute  under  a  head  H 
F= discharge  in  cubic  feet  per  second  under  a  head  of  1  foot, 
then 

Q=^  v/2gH  =3.344  Vv/H 

and 

144_Q_  Q 

^-60,/2gIl-"VH 
also 

V=17.94Fand  F=0.0.V)7V. 

Manufacturers  formerly  gave  the  vent  of  their  wheels  in  conjunction  with  the  rating 
tables,  and  water  privileges  are  often  deeded  in  the  terms  of  the  right  to  use  a  certain  num- 
ber of  ''square  inches"  of  water  from  a  stream  or  power  canal.  As  commonly  interpreted, 
this  implies  no  definite  coefficient  of  contraction,  the  owner  being  entitled  to  uso  as  much 
water  as  can  flow  naturally  through  an  orifice  of  a  given  area,  under  the  existing  head. 
The  limiting  value  of  the  coefficient  of  discharge  is  unity. 

Digitized  byVjOOQlC 


90 


TURBINE    WATBB-WHEEL    TESTS    AND   POWER   TABLES. 


Id  the  use  of  scroll  wheels,  fed  by  short  flumes  leading  out  of  the  raceways,  and  haring 
a  contracted  rectangular  throat,  the  ventage  agrees  more  or  less  closely  with  the  area  of 
the  throat. 

The  vent  of  a  turbine  should  not  be  confused  with  the  area  of  the  outlet  orifice  of  the 
buckets.  The  actual  discharge  through  a*  turbine  is  commonly  from  40  to  60  per  cent  of 
the  theoretical  discharge  of  an  orifice  whose  area  equals  the  combined  cross^^ectiooal 
areas  of  the  outlet  ports  measured  in  the  narrowest  section. 

TabU  of  square  roots  for  calculating  discharge  and  speed  of  turbines. 


Head  In  feet. 


0.2 


0.3 


0.4 


0.5 


0.6 


0.7 


0.9 


0 0.0000  ;  0.3162  !  0.4472  0.6477  0.6324  0.7071 


I 


1 1.0000  I 

2 '  1.4142  I 

3 1.7320 

4 2.0000 

5 2.2360  ' 

6 2.4494  , 

7 2.64.'>7 

8 2,8284 

9 3.0000  I 

10 3.1622 


1.0488  1.0954  I  1.1401 

1.4491  I  1.4832  I  1.5165 

1.7606  1.7888  |  1.8165 

2.0248  1  2.0493  2.0736 

2.2583  2.2803  2.3021  < 


I 


1.1832  1.2247 
1.5491  '  1.5811 
1.8439  '  1.8706 
2.0076  I  2.1213 
2.3237  I  2.3452 


(_ 


11 3.3166 

12 3.4641  , 

13 S.GOVi 

14 3.7416 

15 3.S729 


2.4698 
2.6645 
2.8460 
3.0166 
3.1780 

3.3316 
3.4785 
3.6193 
3. 7549 
3.8858 


16. 
17. 
18. 
19. 


4.0000  '  4.0124 

4.1231  4.1352 

4.2426  I  4.2544 

4.3o88  4.3703 


2.4899  I 

2.6832 

2.8635 

3.0331 

3.1937 

3.3466 
3.4928 
3.6331 
3.7682 

4.0249 
4.1472 
4.2661 
4.3«I7 


2.5099 
2. 7018 
2.8809 
3.0495 
3.2093 


2.5298  '  2.5495 
2.7202  '  2.7386 
2.8982  I  2.9154 
3.0659  I  3.0822 
I  3.2249  i  3.2403 


0.7745     0.8366     0.8M4  [    0.9486 

I 


1.2649 
1.6124 
1.8973 
2.1447 
2.3064 


3.3615 
3.5071 
3.6460 
3. 7815 
3.9115 

4.0373 
4.1593 
4. 2778 
4.3931 


2.5600 
2.7568 
2.9325 
3.0983 
3.2557 


1.3088 
1.6431 
1.9235 
2. 1679  , 
2.3874  I 


1.3416 
1.6733  I 


2.1906 
2.4083 


3.3763  I  3.3911  3.4058 
'  3.5213  {  3.5355  '  3.5496 

3.6606  i  3.6742  I  3.6878 
I  3.7947  I  3.8078     3. 

3.9242  I  3.9370     3.9496 


4.0496 
4. 1713 
4.2895 
4.4045 


4.0620 
4.1833 
4.3011 
4.4158 


4.0743 
4.1952 
4.3127 
4.4271 


2.5884 
2.7748 
2.9495 
3.1144 
3.2710 


I  2.6076 

'  2.7928 

!  2.9664 

I  3.1304 

:  3.2883 


l.«784 
1.7291 
1;9748 
3.2U5 
2.4289 


2.6367 
2.8106 
2.9832 
3.1464 
3.3015 


-I- 


3.4205 
3.5637 
3.7013 
3.8340 
3.9623 


'  3.4351 

I  3.5777 

I  3.7148 

1  3.8470  ] 

I  3.9749 


3.4496 
3.5916 
3.7382 
3.8600 
3.9874 


4.0865  , 
4.2071 
4.3243  I 
4.4384 


4.0987  4.1109 

4.2190  '  4.2308 

4.3358  I  4.3474 

4.4971  '  4.4BO0 


20 4.4721      4.48.^3     4.4944     4.5055     4.5160  14.5276     4.5387  '  4.5497     4.6607 


21.... 
22.... 
23.... 


4.r>S25 
4.60(H  ' 
4.79.W 


24 4.89«) 


4.59:14 
4. 7010 
4.8062 
4.1)091 


4.6043     4.6151  ,  4. 

4.7116  1  4.7222  4. 

4.8166     4.8270  4. 

4.9193      4.9295  4. 


6260 
7328  1 
8373  ! 


4.6368  I  4.6475 

4.7434  I  4.7539 

4.8476  4-8579 

4.9497  4.9598 


25 5.0000     ."i-OCWO     5.0199     5.0299     5.0398,5.0497 


26 5.  ()09()  1  5. 10S8 

27 J 5.1961  5.2057 

28 5.2915  5.3009 

29 5.;J8.->1  .  ,'>.:»44 

30 5. 4772  ,  5.  4.S63  , 

I 

31 5.5677  I  .5.5767 

32 5.fv*><".8  5.6656 

33 5.7445  |  5.7.532 

34 5.8309  I  5.8;J95 

35 5.9160  !  5.9245 


5. 11H5 
5. 31.53 
5.3103  ' 
5.4037 
5.4954 

5.5H.)6 
5.6745 
5. 7619 
5.  K4S0 
5.9329 


5.1283 
5. 2249 
5.3197 
5.4129 
5.5045 

.5.5946 
5.6833 
5.7706 
.5.H.5G6 
5.9413 


1380 
2345 
3291  1 
4221  1 
5136  ! 


5.1478 
5.2440 
5.3385 
5.4313 
5.5226 


5.0596 


6. 1575 
5.2535 
5.3478 
5.4405 
5.5317 


6035 
6920 
7792 
8651 
9497 


5.6124  I  5.6213 
5.7008  '  5.7096 
5.7879  5.7965 
5.R736  I  5.8821 
5.9581  i  5.9665 


4.6583 
4.7644 
4.8682 
4.9699 
5.0095 


4.6690 
4.7740 
4.8785 
4.9799 
5.0793 


4.5716 


4.6797 
4.7853 
4.8887 
4.98P9 
5.0602 


5. 1672 
5.2630 
5.3572 
6.4977 
5.5407 


5. 1768  I 

5.2725 

5.3665 

5.4689 

6.5497 


5.6302  I 
5.7183 
5.8051  I 
5.8006  I 
5.9749  , 


5.1865 
6.2829 
6.3738 
5.4680 
6.5687 


5.6391 
5.7271 
5.8137  j 
5.8991  ' 
6.9633  , 


6.6480 
6.7358 
6.8223 
6.9076 
6.99ie 


36 6.0000 

37 6.0827 

38 6. 1644 

39 6.2449 

40 6.3245 


6.0083 
6.0909 
6.1725  , 
6.2529 
6.3324 


6.0166     6.0249  6.0332     6.0415  6.0497 

6.0991     6.1073  I  6.1155  ,  6.1237  6.1318 

6.1806  ,  6.1886  I  6.1967  j  6.2048  ,  6.2128 

6.2609     6.2689  |  6.2769  |  6.2849  ,  6.2928 

6.3403  ,  6.3482  6.3560  ,  6.3639  ,  6.3718 


6.0680  1 

6.1400 

6.3200 

6.3007 

6.3796 


6.0663  ^ 
6.1481  ' 
6.2289  I 
6.3087  , 
6.3874  I 


6.0745 
6.1662 

&3166 
6.3053 
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Table  aftjuare  roots  for  calculating  discharge  and  speed  of  turbines — Continued. 


Httdlnfeet. 

ao 

6.4081 
6.4807 
6.5574 
6.6332 
6.7082 

ai 

6.4100 
6.4884 
6.5650 
6.6407 
6.7156 

0.2 

6.4187 
6.4961 
6.5726 
6.6483 
6.7230 

0.3 

6.4265 
6.5038 
6.5802 
6.6558 
6.7306 

0.4 

0.5 

6.4420 
6.5192 
6.5054 
6.670B 
6.7463 

0.6 

0.7 

0.8 

0.0 

4L 

::::::::::::::::: 

44 

6.4342 
6.5115 
6.5878 
6.6633 
6.7379 

6.4496 
6.5268 
6.6030 
6.6783 
6.7527 

6.4575 
6.5345 
6.6105 
6.6858 
6.7601 

6.4652 
6.5421 
6.6181 
6.6932 
6.7675 

6.4730 
6.5496 
6.6257 
6.7007 
6.7749 

« 

6.7823 
6.8556 
6.9282 
7.0000 
7.0710 

6.7896 
6.8629 
6.9354 
7.0071 
7.0781 

6.7970 
6.8702 
6,9426 
7.0142 
7.0851 

6.8044 
6.8774 
6.9498 
7.0213 
7.0922 

6.8117 
6.8847 
6.9570 
7.0285 
7.0992 

6.8190 
6.8020 
6.9641 
7.0356 
7.1063 

6.8264 
6.8992 
6. 9713 
7.0427 
7.1133 

6.8337 
6.9065 
6.9785 
7.0498 
7.1203 

6.8410 
6.9137 
6.9856 
7.0569 
7.1274 

6.8483 

C 

6  9200 

4B 

49 '.. 

7.0630 

50 

7.1344 

51 

7. 1414 
7.2111 
7.2801 
7.3484 
7.4161 

7.1484 
7.2180 
7.2869 
7.3552 
7.4229 

7.1554 
7.2249 
7.2938 
7.3620 
7.4296 

7. 1624 
7.2318 
7.3006 
7.3688 
7.4363 

7.1693 
7.2387 
7.3075 
7.3756 
7.4431 

7.1763 
7.2456 
7.3143 
7.3824 
7.4498 

7.1833 
7.2525 
7.3212 
7.3891 
7.4565 

7.1902 
7.2594 
7.3280 
7.3959 
7.4632 

7.5299 
7.5960 
7.6615 
7.7265 
7.7910 

7.8549 
7.9183 
7.9812 
8.0436 
8.1055 

8. 1670 
8.2280 
8.2885 
8.3486 
8.4063 

7. 1972 
7.2663 
7.3348 
7.4027  , 
7.4609 

7.5365  1 
7.6026 
7.6681  , 
7.7330 
7.7974 

7.8612 
7.9246 
7.9874 
8.0498 
8.1117  ! 

8.1731  ' 
8.-2340 
8.2945 
8.3546 
8.4142  , 

8.4734  ' 
8.5322 
8.5906 
8.6486  j 
8.7063  1 

8. 7635 
8.8204 
8.8769 
8.9330 
8.9.S88 

9.044.3 
9.0994 
9.1542 
9.2086 
9. 2628 

9.3166 
9.3701 
9.4233 
9. 4762 
9.5289 

7.2041 

52.. 

53 

54. 

55 

7.3416 
7.4004 
7.4766 

56 

57 

58-...        ..  . 

7.4833 
7.6498 
7.6157 
7.6811 
7.7459 

7.4899 
7.6564 
7.6223 
7.6876 
7.7524 

7.4966 
7.5630 
7.6288 
7.6041 
7.7588 

7.5033 
7.5696 
7.6354 
7.7006 
7.7653 

7.5099 
7.5762 
7.6410 
7.7071 
7.7717 

7.8358 
7.8993 
7.9624 
».0249 
8.0870 

7.5166 
7.5828 
7.6485 
7.7136 
7.7781 

7.8421 
7.9056 
7.9686 
8.0311 
8.0932 

7.5232 
7.5894 
7.6550 
7.7201 
7.7846 

7.848.5 
7.9120 
7.9749 
8.0374 
8.0993 

7.5432 
7.6092 
7  6746 

59 

60. 

7.7395 

«l 

C 

7.8102, 
7.8740 
7.9372 
8.0000 
8.0622 

7.8166 
7.8803 
7.9435 
8.0062 
8.0684 

7.8230 
7.8866 
7.9498 
8.0124 
8.0746 

7.8294 
7.8930 
7.9561 
8.0187 
8.0808 

7.8676 
7.9309 

C3 

M 

65... 

7.9937 
8.0660 
8  1178 

06... 

8.1240 
8.1853 
8.2462 
8.3066 
o.  3666 

8.1301 
8. 1914 
8.2522 
8.3126 
8.3725 

8. 1363  '  8. 1424 
8.1975  8.2036 
8.2583  8.2643 
8.3186  8.3246 
8.3785  8.3845 

8. 4380  8. 4439 
8.4970  8.5029 
8.5556  8.5615 
8.6139  ^.6197 
8.6717  8.6775 

8. 7292  1  8. 7349 
8. 786.3  '  8. 7920 
8.8430  8.8487 
8. 8994  8. 9050 
8.95.54  8.9610 

9.0111  9.0166 
9.0664  9.0719 
9.1214  9.126.S 
9;  1760  9. 181.5 
9. 2303  9. 23.57 

9. 2843  9. 2897 
9.  .IISO  9. 34.34 
9.  .391 4  9.3968 
9.444.5  9.4498 
9.4973  9.5026 

8.1486 
8.2097 
8.2704 
8.3306 
8. 3904 

8.4498 
8.5088 

8.  .5673 
8.625.5 
8.68.33 

a  7407 
8.7977 
8.8543 
8.9106 
8.9666 

9.0221 
9.0774 

9.  ViZi 
9.1869 
9.2412 

9. 29.51 
9.3487 
9.4021 
9.4351 
9.5078 

8.1547 
8.2158 
8.2764 
8.3366 
8.3964 

8.45.57 
8.5146 
8.5732 
8.6313 
8.6890 

8. 7464  ■< 

8.8034 

8.8600 

8.9162 

8.9721 

9.0277 
9.0829 
9. 1.378 
9.1923 
9.2466 

9..3(n5 

9.:r>4i 

9.4074 
9.46(J4 
9.5131 

8.1608 
8.2192 
8.2825 
8.3426 
8.4023 

8.4616 
8.5205 
8.5790 
8.6371 
8.6948 

8. 7521 
8.8090 
8.8656 
8.9218 
8.9777 

9.03.32 
9.0884 
9.1433 
9. 1978 
9.2.520 

9.3059 
9.3594 
9.4127 
9.4657 
9.5184 

8  1792 

57.... 

8  2401 

fiS 

8.3006 

69 

8.3606 

70 

8.4202 

71 

8.4261 
8.4852 
8.5440 
8.6023 
8.6602 

8.7177 
8.7740 
8.8317 
8.8881 
8.9442 

8.4320 
8.4911 
8.5498 
8.6081 
8.6662 

8.723.5 
8.7806 
8.8374 
8.8938 
8.9498 

8.4675 
8.5264 

8.5848 
8.6429 
8.7005 

8. 7578 
8.8147 
8.8713 
8.9274 
8.9833 

9.0388 
9.09.39 
9. 1487 
9. 2032 
9.2574 

9.3112 
9.  .3648 
9.4180 
9. 4710 
9.5236 

8.4793 

72 

73 ; 

8.5381 
8.5965 

74 

8.6544 

7S... 

8  7120 

76 

8.7692 

77... 

8  8260 

78.... 

8  8825 

79 

8.9386 
8.9944 

81.. 

9.0000 
9.0553 
9.1104 
9.1651 
9.2195 

9.2736 
9.3273 
9.3808 
9.4339 
9.4868 

9.0a55 

9.0609 
9.1159 
9.1706 
9.2249 

9.2790 
9.3327 
9.3861 
9. 4392 
9.4921 

9. 0498 

».- 

9  1049 

«... 

0  1,596 

«... 

9.2141 

85.. 

9.2682 

«.. 

9.  .3220 

87.. 

9. 3754 

88... 

9  4286 

81.. 

9.4815 

«.. 

9.5341 

. 

'S^ 
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TURBINE    WATER-WHEEL   TESTS   AND   POWER   TABLES. 


Table  of  square  roots  for  calculating  discharge  and  speed  of  turbines — Gontinued. 


Head  in  feet. 

OJO 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

1 

0J9 

91 

9.5393 
9.5916 
9.6436 
9.6053 
9.7467 

9.5446 
9.5068 
9.6488 
9.7005 
9.7519 

9.5498 

9.6540 
9.7056 
9.7570 

9.5551 
9.6072 
9.6501 
0.7106 
0.7621 

9.5603 
9.6124 
9.6643 
9.7159 
9.7672 

0.5655 
0.6176 
0.6605 
0.7211 
0.7724 

0.5707 
0.6228 
0.6747 
0.7262 
0.7775 

0.5760 
0.6280 
0.6706 
0.7313 
0.7826 

0.5813 
9.6332 
9.9SS0 
0.7365 
O.TB77  ' 

9.aM 

92 

9.63M 

03 

9.690! 

94 

9.741C 

06. 

0.7B8 

06 

9.7979 
9.8488 
9.8994 
9.9498 

9.8030 
9.8539 
9.9045 
9.9548 

9.8061 
9.8590 
9.9095 
9.9599 

0.8132 
0.8640 
0.0146 
0.0649 

9.8183 
9.8691 
9.9196 
9.9600 

0.8234 
0.8742 
0.0247 
0.0740 

0.8285 
0.8702 
0.0207 
0.0709 

0.8336 
0.8843 
0.0347 
0.0849 

9.8386 
0.88B3 
0.0396  1 

9.8C7 

07 

9.8944 

08 

9.940 

09 

9.990 

100 

1 

1 

TaUe  of  H^  for  calculating  horsepower  ofturhincsA 


Head  In 
feet. 

0.0       1      O.l             0.2             0.3 

0 .4      1      0.5 

0.6 

0.7 

0.8 

OJ 

0 

1 

2 

3 

4 

6 

0.0000      0.0316      0.0894      0.1643      0.2530|      0.3536 
1.0000       1.1537       1.3145'      1.4822       1.6565       1.8371 
2.8284^      3.0432'      3.263l'      3.4881       3.718l'      3.0520 
5.1062       5.4581       5.7243      5.0047       6.2093       6.5479 
8.0000      8.3019      8.6074       8.9167.      9.2205      0.5450 
11.1803|     11.5174';     11.8578     12.2015|     12.5485     12.8986 

0.4648 
3.0238 
4.1024 
6.8305 
0.8650 
13.2520 

0.5857 
2.2165 
4.4366 
7.1171 
iai804 
1^6086 

a7156 
2.4150 
4.6853 

7.4076 
10.5163; 
13.0682 

assft 

2.Q90 
4.03K 
7.70» 
10.84H 
14.3311 

6 

7 

8 

0 

10 

14-6069 
18.5203 
22.6274 
27.i)000 
31.6228 

15.0650'    15.4379!     15.8129|     16.1909 
18.9185     19.3196     19.7235     201302 
23.0530,    23.4812     23.0121*'    24.3455 
27.4512     27.0050     28.3612     28.8109 
32.0963     32.5762     33.0564     33.5390 

16.5718 
2a  5306 
24.7815 
29.2810 
34.0230 

16.0557[    17.3425 
20  0518'    2L3e66 
25.2302     25.6613 
20.7445'    30.2105 
34.5111,    35.0006 

17.7322 
2L7842 
26.1050 
30.6780 
35.4024 

18.124» 
22.2045 
36.5523 
31.149e 
3Si986S 

11 

12 

13 

14 

15 

36.4829 
41.5692 
46.8720 
52.3832 
58.0944 

36.9815     37.4824 
42.0910     42.6128 
47.4148     47.9576 
52.9464'    53.5006 
68.6776'    59.2608 

37.9855     38.4906 
43.1388     43.6648 
48.5048     49.0520 
54.0768     54.6440 
50.8472     60.4336 

38.0084 
44.1052 
49.6032 
55.3152 
61.0344 

30.5062'    40.0302 
44.7256|    45.2600 
50.1544     50.7006 
55.7864!    56.3616 
6I.6I52I    62.2006 

40.5343'     41.0507 
45.7044     4&330 

51.264^     51.8340 
56.0368     57.5151 
62.8040     63.4030 

16 

17 

18 

10 

20 

64.0000 
70.0928 
76.3672 
82.8192 
89.4424 

64.6020 
7a  7132 
77.0056 
83.4748 
90.1152 

65.2040 
71.3336 
77.6440 
84.1304 
90.7880 

65.8096|    66.4152 
71.95721    75.5808 
78.2856     78.9272 
84. 7892     85. 4480 
91.4636|    92.1392 

67.0244 
73.2084 
79.5724 
86.1104 
92.8184 

67.6336'    68.2464 
73.8360     74.4672 
80.2176     80.8664 
86.7728'    87.4384 
03.4076,    04.1800 

68.8802 
75.0084 
81.5152 
88.1040 
04.8624 

69.4760 
75.73a 
82.1C73 
88.732 
Ofi.54M 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

96.2344 
103.1883 
110.3040 
117.5752 
125:0000 

96.0232 
103.8040 
111.0248 
118.3128 
125. 7516 

07.6120     08.3044!    08.0968 
104.6008   105.3076   106.0160 
111.7456|  112.4700   113.1944 
119.0496'  119.7876   120.5272 
126.5032   127.2576   128.0120 

99.6924!  100.3880'  101.0868  101.7856  102. 4Sn 
106.72761  107.4302'  IO8.I540'  106.86881  100.  SBM 
113.0216   114.6488   115.3788   116.1088  ll&SflO 
121.2606  123.013o|  122.7576   123.5032!  124.2S1S 
128.7706|  120.5203   130.2876   131.0180   131.8112 

132.5744 
140.2900 
148. 1624 
156.1696 
164.3168 

133.3408'  134.1072   134.8764   135.6456 
141.0768'  141.8576!  142.6416   143.4256 
148.0572   140.7520|  160.5500   151.3480 
156.97881  157.7880;  158.6000   150.4120 
165.1396;  165.0624'  166.7884   167.6144 

136.4180'  137.1004'  137.0652-  138.7400   130. 51» 
I44.2120J  144.0964   14S.788o|  146.5776   147.3700 
152.1488,  152.0406  153.7532   154.5568   155.358 
160.2268   161.0416  161.8588*  162.6760   163. 4»4 
168.4428   160.2712   170.102o|  170.9828   171.7668 

o  Original. 
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TaUe  of  H^  for  cdLevilating  horsepower  of  turbines — Continued.a 


Head  in 
leet. 

OH 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

31 1  172L6008 

32 18k0192 

33 0^5704 

34 198.2520 

35 207.0624 

173.4372 
181.8602 
190.4336 
109.1460 
207.9512 

174.2736 
182.7192 
191.2968 
200.0400 
208.8400 

175.1128 
183.5716 
192.1624 
200.9008 
209.7312 

175.9520 
184.4240 
193.0280 
201.7616 
210.6224 

176.7940 
185.2792 
193.8060 
200.6424 
211.5204 

177.6360 
186.1344 
194.7640 
203.5232 
212.4184 

178.4804  17a  3248 
186.9920  187.8496 
195.63481  196.5056 
204.4068  205.2904 
213.3104  214.2024 

180.1720 
188.7100 
197. 3788 
206.1764 
215. 1012 

36 1  216.0000 

37 225.0624 

38 234.2480 

30 243.5552 

« 252.9824 

216.9012 
225.9760 
235.1738 
244.4932 
253.9320 

217.8024 
226.8896 
236.0992 
245.4312 
254.8816 

218.7060  219.6096 
227.8056  228.7216 
237.0276  237.9560 
246.3712  247.3112 
255.8340  256.7864 

220.5760 
299.6404 
238.8868 
248.2640 
267.7412 

221.4224 
230.5502 
239.8176 
249.1968 
258.6060 

222.3312  223.2400  224.1512 
231.4800  232.4008  233.3244 
240.7508  241.6840  242.6196 
260.1420  251.0672  252.0348 
250.6528  260.6096|  261.5688 

41 '  282.6280 

42.. 272.1912 

43 <  281.9606 

44 291.8632 

45 301.8688 

263.4896 
273.1644 
282.9544 
292.8597 
302.8764 

264.4512 
274.1376 
283.9302 
203.8552 
303.8840 

266.4152 
275.1132 
284.9264 
294.8536 
304.8936 

266.3792 
276.0888 
286.9136 
295.8520 
305.9032 

267.3456 
277.0672 
286.9028 
296.8628 
306.9148 

268.3120 
278.0456 
287.8020 
207.8536 
307.9264 

260.2804  270.2488!  271.2200 
270.6252  280.0048'  280.9872 
288.8836  289.8752^  290.8602 
298.8564|  290.8502'  300.8640 
308.0404  300.9544  310.9708 

46 311.9872 

47 322.2160 

48 332.5636 

» 343.0000 

50 1  353.5500 

313.0066 
323.2452 
333.5027 
344.0486 
354.6128 

314.0240 
324.2744 
334.6333 
345.0986 
355.6720 

31*5.0448 
325.3060 
335.4753 
346.1500 
356.7376 

316.0656 
326.3376 
336.7188 
347.2079 
357.7996 

317.0877 
327.3716 
337.7588 
348.2622 
368.8681 

318. 1112 
328.4056 
338.8051 
340.3179 
350.9329 

• 
319.0556  320.0000  321.1060 

329.4416  330.4776  331.5156 

339.8529  340.8972  341.9479 

350.3750  361.4336  352.4886 

360.9992'  362.0719  363.1409 

51 

52..  . 

364.2114 
374.9772 
385.8453 
1  306.8136 
407.8855 

365.2832 
376.0578 
386.0343 
397.9163 
409.0017 

366.3564 
3n.l397 
388.0301 
399.0204 
410.1139 

367.4311  368.5020 
378.2331  379.3078 
380.1219  390.2205 
400.1258  401.2326 
411.2273  412.3477 

369.5794 
380.3940 
391.3150 
402.3408 
413.4639 

370.6582 
381.4815 
392.4163 
403.4448 
414.5814 

371.7333  372.8149 
382.5703  383.6606 
303  5136  -^KM  M7S 

373.8927 
384  7522 

53 

395  7122 

54 

55 

404.5557 
415.'7002 

406.6679 
416.8204 

406.7750 
417.9419 

56 

57 

68 

59 

419.0648 
430.3386 

'  441.7106 
454.0849 

1  464.7640 

420.1833 
431.4704 
442.8556 
455.3271 
465.9192 

421.3089 
432.6036 
443.9961 
455.4907 
467.0797 

422.4257 
433.7380 
445.1438 
456.6465 
468.2475 

423.5583 
434.8738 
446.  ^{860 
457.8017 
469.4106 

424.6879 
436.0110 
447.4372 
458.0502 
470.5750 

425.8131 
437.1494 
448.5830 
460.1179 
471.7467 

426.9453 
438.2892 
449.7300 
461.2720 
472.9137 

428.0732  429.2080 
439.4302  44a  5726 
450.8842  452.0350 
462.4334  463.5060 

60 

474.0810  475.2614 

61 

62 

63 

476.4222 
488.1880 
500.0436 
;  512.0000 
524.0430 

477.3942 
489.3666 
501.2348 
513. 1974 
525.2528 

478.7676 
490.5465 
502.4273 
514.3960 
526.4639 

479.9422 
491.7339 
503.6211 
515.6024 
527.6762 

481.1181 
492.9163 
504.8161 
516.8035 
528.8898 

482.2891 
494.1000 
506  0061 

483.4676 
495.2912 
507.2036 

484.6473 
496.4774 
508.4024 
520.4209 
532.5313 

485.8222 
497.6648 
509.5061 
521.6270 
533.7498 

487.G044 
408.8536 
510.7974 

64 

65 

518.0059 
530.1046 

519.2160 
531.3120 

522.8344 
534.9630 

« 1  536.1840 

«7 54^4151 

«8 1  560.7416 

« '  573.1554 

70 585.6620 

537.2996 
549.6429 
561.9748 
574.4006 
586.9122 

538.6230 
550.8720 
563.2160 
575.6473 
588.1707 

539.8411 
552.1022 
564.4516 
576.8947 
589.4303 

541.0670 
553.3337 
565.69.S3 
578. 1436 
590.6841 

542.2875j  543.5092i  544.7389 
554.5665  555.6179  557.0356 
566.93341  568.1795  569.4199 
579.3937  580.6440  581.8974 
591.9462j  503.2023'  594.4668 

545.9630 
558.2652 
570.6616 
583. 1510 
595.7253 

547.1884 
559.5027 
571.0113 
584.4050 
506.9921 

71 509.2531 

72 610.9344 

73 1  623.7120 

74 636.5702 

75 '  649.5150 

599.5152 
612.2083 
624.9903 
637.8602 
650.8166 

600.7856  602.0500 
613.4340  614.7506 
626.2699  627.5579 
639.1513  640.4437 
652.1118'  653.4157 

603. 3157  604. 5825  605. 8505  607. 1 197 
616.0371  617.3085  618.5883  619.8692 
628.8398  630.1302  631.4144  632.6997 
641.7372  643.0318^  644.3276  645.6246 
654.7208  656.0195|  657.3268  658.6278 

608.3901 
621.0841 
633.9862 
646.9152 
659.9375 

609.6616 
622.4274 
635.2813 
648.2145 
661.2408 

78 !  662.5452  663.8583  665.1650  666.4728 

77 675.6673  676.9842  677.2043  679.6216 

78 688.8726  090.2009  091.5226  092.8532 

79 702.1599  703.4995  704. 8324!  706. 1865 

80 716.5360  716.8789  718.2230  719.5683 

667.7894  669.0996  670.4108*  671. 7131 '  673.0368 
680.9419J  682.2635  683.5784  684.902l|  686.2271 
694.1771  695.5100  696.8361  698.1713  699.4997 
707.6016  708.8379  710.1752  711.5137  712.8534 
720.91461  722.2540  723.60261  724.9523  726.2950 

1                 1  i]initi7Pfi  hw  \^.  -t\  !% 

674.3514 
687.5454 
700.8292 
714.1941 
727.649« 

"" 

' 

a 
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Table  of  H^  for  caladating  horsepotoer  of  turbines — Continued. 


Head  In 
feet.     I 


I      O.l 


0.2 


0.3 


0.5 


0.6 


0.7 


0^ 


81. 
82. 


I 


84. 
85. 


729.0000 
742.53461 
756. 16321 
709.8684* 
783.6575, 


7Ja3460! 
743.8098' 
757.5312| 
771.2474, 
785.0389, 


731.7613 
745.2580 
758.9004* 
772.6192' 
786.4:^15' 


733.04951  734.3980 
746.6173  747.9776' 
760.2624  761.6338 
774.0004  775.3743 
787.8052'  789.1984 


735.7575 
749.3392 
763.0063; 
776.7493 
790.5843 


I 


0.9 

741.1878 
754.7962 
708.4904 
782.2770 
796.  l$S 


86. 

87. 


89. 
90. 


797.52961 
811.4751 
825.5704' 
839.617l! 
853.8I20! 


798.9219 
812. 8781 ! 
826. 9154 1 
841.03271 
855.2382| 


800.3066 
814.27361 
828.3214^ 
842.4494! 


801.7011    803.0966  804.4932 

815.6788!  817.0763 

'  829.7374   831. 1456^ 

j  843.86711  845.2859 

856.6564,  858.0847  859.5051 


*l' 


91. 
92. 
93. 
94. 
95. 


868.0763, 
882.4272' 
896.8548 
911.3582' 
925.9365' 


869.51301 
883.8652. 
898.3032 
912.8170' 
927.4056 


,  872.3806|  873.8114 
!  886.7445!  888.1857 


870.9417, 

885.3044! 

899.7528|  901.1946  902.6456! 

914.2675,  915. 7»»'  917. 1809 ^ 

928.86641  930.328l|  931.79081 


818.4837! 
832.5549 
846.7058 
860.9355 


875.2432 
889.6280 
904.0982 
918.6439 
933.S642 


96. 
97. 


1. 


940.5984 
955.3336 
970. 1412' 
985.0302, 
000.0000'. 


942.0683 
956.8136 
971.6314 
986.5206' 


943.53921  945.0111   946.4841| 
959.7672  961.25031 


958.2948| 
973. 11291 
988.0220! 


974.6051   976.0886 
989.5145'  99I.OO80I 


947.9581 
962.7345 
977.6829 
992.5025 


737.1091  738.4099  739.8237 
750.7018  752.0655.  753.4303' 
764.3798'  766.7461  767.1219 
778.1338!  7T9.5110  780.8892 
791.9712'  793.3591    794.7482 

805.8909  807.2810  806.6808   810.0833 

819.8834  821.2929   822.6947    824.1064 

833.9652  835.3766  836.7890,  838.2025 

848.1267  849.5487   850.9627    852.38BS 

862.3670  863.7905  865.2241    866.6496 


876.6761 
891.0712 
905.5519 
920.0985 
934.7290 


878.1192 
892.5156 
906. 9972! 
921.5541| 
936.1948 


880.9001 
895.4073. 


879.5541 
893.9609 
908.4530  909.9097 
923.0208  924.4778 
937.6616!  939.2295 


949.4331 
964.2099 
979.0684 
993.9980 


950.9091 
965.6961 
980.5548^ 
995.4945 


952.3764  953.8545 

967.1735  968.6617 

982.0522  983.5107 

996.9920  998.4905 


Rating  taUefor  Foumeyron  turbines. 
McELWAIN'S  FOURNEYRON.a 


Diameter 
of  runner  ' 
in  Inches. 


Manufacturer's  rating  for  a  head 
of  16  feet. 


24. 
30. 
36. 
42. 
48. 
54. 
60. 
66. 
72. 


Horse- 
power. 


I  Discharge  . 
I    in  cubic 
,    feet  per 
minute. 


13.05 
20.39  I 
29.37  I 
39.97  j 
52.22  I 
65.46  ' 
HI. 60  ! 
98.  7J 
117.  .50 


480 
750 
1,080 
1,470 
1,920 
2,430 
.3.000 
:i,630 
4,320 


84 

'          ISO.ft'i  j 

5,880 

96 

,          208.89  1 

7.080 

108 

;          264.38 

9,720 

120 

326.40 

12,000 

Revolu- 
tions per 
minute. 


220.5 

172.9  I 

143.9  I 

121.0  I 

106.0  i 

92.8  j 

K\.b  \ 

74.9 

68.6 

58.1  I 

.'iO.3  ' 

I 

44.3  I 

39.6  1 


Coefficients. 


Power 

(=P). 


I 


Discharge  ' 
(=F). 


0.203 

.318 

.458 

.624 

.815 

1.022 

1.275 

1.540 

1.833 

2.495 

3.259 

4.124 

5.092 


Speed 

(=N). 


2.000  } 

55.10 

3.125  1 

43.20 

4.500  * 

35.90 

6.125  ' 

30.20 

8.000 

26.50 

10.125 

23.20 

12.500  1 

20.80 

15. 125  , 

18.70 

18.000 

17.10 

24.500 

14.50 

32.000 

12.50 

40.500  1 

11.07 

50.000  1 

9.90 

a  Formerly  made  by  H.  8.  McElwain  &  Co.,  Amsterdam,  N.  Y.    Mounted  In  a  quarter-tun.  iron  ca^e. 
similar  to  the  Boyden  Foumeyron,  with  cylinder  gate  inside  of  guide  ring.  • 
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Rating  tables  for  scroll  central-discharge  turbines. 

JOHN  TYLER  IMPROVED.a 

[1860  list.] 


Diaroe- 

I    tcr  ol 
runner 
in  inches. 


Listed 
style  or 
number. 


I 


9.. 
i    12. 

I  » 
24 

I    30. 

I    36. 

I    42. 

I    48. 

I  60. 
72. 


Manufacturer's  rating  (or  | 
a  head  of  16  feet.  I 


Horse- 
power. 


2.42 

4.24 

4.84 

10.90 

20.30 

30.30 

45.45 

60.60 

78.78 

121.20 

151.50 


101 

177 

202 

456 

849 

1,267  I 

1,900 

2,534 

3,293 

5.068  , 

6,333  ; 


493 

363  I 
343  j 
246 
181 
144 
121  I 
104  ' 

90 

72 

60 


Coefficients. 


Power 

(=P). 


0.038 
.066 
.076 
.170 
.317 
.473 
.709  ' 
.945 
1.229 
1.891  ' 
2.363 


Vent 
in 


Weight 


0.421 

.738 

.842 

1.901 

3.54 

6.296 

7.923 

10.65 

13. 719 

21.141 

26.396 


I 


123.2 
90.7 
85.7 
61.5 
45.2 
36.0 
30.2 
26.0 
22.5 
18.0 
15.0 


I 


5 

10 

16 

36 

67 

100 

150 

200 

260 

400 

500 


KEYNOLDS  IMPROVED.6 


12 

A 

48 

12 

B 

80 

12 

1    

144 

12. . . . 

2 

180 
216 
276 

15 

1    

15 

2' 

18 

1 

328 

18 

2I 

408 

18 

3    

496 

24 

1    

652 

24  . 

2    

732 

24 

3    

876 

30 

1    

1,008 

30 

2    

1,208 

30 

3    

1,356 

36 

1| 

1,320 

36 

2' 

1,552 

36 

3        . 

1,980 

42 

2    

2,0^ 

42 

3    

2,288 

48 

2  1 

2,932 

48 

3' 

3,296 

48 

4    

3,664 

54 

2    

3,960 

54 

3    

4,396 

60 

2  , 

4,580 

60 

3  i 

5,500 

1 

0.200 

.333 

.600 

.751 

.901 

1.151 

1.367 

1.701 

2.067 

2.718 

3.052 

3.653 

4.205 

5.033 

5.654 

5.504 

6.467 

8.257 

H.574 

9.541 

12.226 

13. 744 

15.279 

16.513 

18. 321 

19.099 

22.935 


100 

200 

200 

200 

360 

350 

650 

650 

650 

1,200 

1,200 

1,200 

1,800 

1,800 

1,800 

2,700 

2,700 

2,700 

3,600 

3,600 

4,800 

4,800 

4,«)0 

6,000 

6,000 

8,600 

8,600 


aMade  by  the  Sullivan  Machine  Company,  Claremont.  N.  H..  usuallv  with  slidine  gate  In  the  throat, 
bat  also  with  a  cylinder  gate  surrounding  the  runner  within  the  scroll  case.  Has  Inward  flow  and  dls- 
chantes  downwartl. 

^Made  by  Kinesford  Foundry  and  Machine  Worlcs,  Oswego.  N.  Y.  This  turbine  has  an  Iron  runner 
mounted  In  a  boiler-lron  scroll  case,  and  a  pivoted  butterfly  gate  in  the  throat.  The  discharge  Is  both 
upward  and  downward  at  the  center,  and  the  buckets  protrude  slightly  from  case. 
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Rating  tables  for  scroll  central-discharge  turbines — Continued. 

CARLEY  HELICAL  ^y^EEL.a 
[1889  list.] 


Diame- 
ter of 
runner 
in  inches. 


15. 
18. 
21. 
24. 
28. 
36. 
50. 


6.. 
8.. 
10., 
12. 
14. 
16. 
18., 
21. 
24. 
27. 
30. 
36. 
42. 
48. 
54. 


Listed 
style  or 
number. 


Manufacturer's  rating  for 
a  head  of  16  feet. 


Coefficients. 


Horse- 
power. 


6.80 
9.72 
13.59 
19.44 
25.92 
45.68 
89.83 


Dis- 
charge in 

cubic 
feet  per 
minute. 


280 

401 

500 

802 

1,060 

1,885 

3.733 


Revo- 
lutions 

per 
mmute. 


326 
273 
232 
202 
173 
136 
97 


Power 

(-P). 


change     f^ 


^2^*      Weight 


0.106  1 

1.168 

81.50 

21, 

.152 

1.672 

68.0 

30 

.212  1 

2.085 

58.0 

42 

.303  1 

3.344 

50.5 

60 

.404  1 

4458 

43.2 

80 

.713  1 

7.860 

34.0 

141 

1.401 

15.567 

24.2 

280 

PERFECTION  STANDARD.* 
[1894  list.] 


DOUBLE  PERFECTION  WHEEL.* 
[  ISM  list.] 


1.32  I 

2.43  , 

3.70 

5.39  , 

7.83 

9.89  I 

11.94 

16.82  ' 

20.99  I 

26.68 

32.92  I 

47.47  I 

67.90 

87.90  j 

110.80  ! 


49  , 
91 

157  ' 
204i 
284 
348  ^ 
482  , 
624 
785 
1,062 
1,310 
1,886 
2,715 
3,476 
4,426 


806 
630  ' 
480  I 
405  I 
350  , 
315 
276  I 
245  ' 
206  \ 
186 
167 
140  I 
120 
104  j 
93  ' 


0.021 
.038  ' 
.058  I 
.084  ' 
.122  I 
.154  . 
.186  ' 
.262  J 
.327 
.416  ' 
.514  ' 
.741  j 
1.059  I 
1.373  I 
1.728  ' 


0.204 
.379 
.655 
.851 
1.184 
1.451 
2.010 
2.602 
3.273 
4.428 
5.463 
7.865 
11.322 
14.495 
18.456 


201.5 
157.6 
120.0 
101.2 
87.5 
78.8 
69.0 
61.2 
51.5 
46.5 
41.7 
35.0 
30.0 
26.0 
23.2 


7.0 

175 

13.0 

285 

18.0 

475 

32.0 

650 

42.0 

960 

60.0 

1,040 

72.0 

1.500 

190.0 

2,000 

128.0 

2,180 

160.0 

2,770 

200.0 

3,290 

284.0 

406  0 

' 

1 

aMade  by  Alexander,  Bradley  6c  Dimning,  Syracuse,  N.  Y.  Has  an  Iron  runner  set  in  an  Iron  scroll 
case,  discharging  both  upward  and  downward,  and  a  pivoted  butterfly  gate  in  throat  of  case.  There  are 
no  guides.    Similar  wheels  are  known  by  the  names  "Mahler  "  and  "Cushlng." 

6  Made  by  Craig  Ridgway  4  Son,  Coatesville,  Pa.  This  has  an  inward  flow  and  downward  dischaixe- 
The  buckets  are  curved  in  line  of  radius  and  slightly  curved  in  line  of  axis  at  bottom.  The  Double 
Perfection  turbine  has  a  division  plate  and  discliarges  both  upward  and  downward.  It  has  a  sliding 
gate  in  the  throat  of  scroll  case. 

Digitized  by  "KJKJKJWVS^ 


\ 


POWER,  DISCHABOE,  AND   SPEED. 


97 


Rating  tables  for  seroU  cerUrulrdischarge  turbines — Continued. 

JONES  LITTLE  GIANT.* 

[1890U8t.] 


Manufacturer's  rating  for  | 
I  a  liead  of  16  feet. 


Coeffldenta. 


Diame- 
ter of 


Listed 


:.oT3?i,.'  n"^- 


6... 
8... 
lOJ- 
12.. 
14.. 
16.. 
18.. 
21.. 
24.. 


Horse- 
power. 

Dis- 
charge in 

cubic 
feet  per 
minute. 

2.2 

91 

3.3 

136 

6.6 

272 

9.9 

409 

14.8 

614 

18.2 

750 

26.4 

1,090 

34.6 

1,431 

44.6 

1,840 

79.2 

3,270 

118.5 

4,810 

Revo- 
lutions 

mmute. 


642 
483 
376 
321 
276 
242 
214 
184 
161 
121 
92 


Power 
(-P)- 


0.034 
.061 
.103 
.154 
.231 
.284 
.412 
.540 
.696 
1.236 
1.849 


Dis- 
chanze 


0.379 

.567 

1.134 

1.706 

2.560 

3.128 

4.545 

5.967 

7.673 

13.636 

20.058 


160.5 
120.7 
94.0 
80.2 
69.0 
60.5 
53.5 
46.0 
40.2 
30.2 
23.0 


6.8 

10.0 

20.0 

30.0 

45.0 

56.0 

81.0 

107.0 

138.0 

245.0 


270 

390 

525 

760 

950 

1,525 

1,950 

2,500 

4,800 


JONES  LITTLE  QIANT.a 
[1900Ust.] 


1    8 1  Double. 

I    10 do.. 

I    12 do.. 

I    14 do.. 

i    '' I ^^" 

18 do.. 

21 do.. 

24 1 do.. 

t   33 do.. 

'   44 1  Single.. 


3.23 

134 

507 

0.050 

0.559 

126.8 

6.48 

267 

381 

.101 

1.413 

95.2 

9.70 

401 

337 

.151 

1.672 

84.2 

13.61 

562 

288 

.212 

2.344 

74.0 

18.15 

749 

250 

.283 

3.123 

62.5 

25.94 

1,070 

224 

.405 

4.462 

56.0 

34.60 

1,431 

190 

.540 

5.967 

47.5 

45.30 

1,872 

169 

.707 

7.806 

42.2 

97.24 

4,011 

121 

1.517 

16.726 

.     30.2 

118.50 

4,810 

92 

1.849 

20.058 

23.0 

10 
20 
30 
42 
56 
80 
107 
140 
300 
360 


«  Hade  by  Munson  Brothers,  Utica,  N.  Y.  This  wheel,  as  described  in  the  trade  list  of  1890  is  mounted 
in  a  scroll  case  with  sliding  gate  in  throat.  The  budcets  are  double  curved  and  protrude  from  center  of 
case.  The  runner  has  a  division  plate  and  discharges  both  at  top  and  bottom  of  case.  There  are  no 
guides.  Wheels  from  similar  patterns  are  made  by  J.  C.  Wilson  <k  Co.,  Picton,  Ontario.  In  1895  Mun- 
son Brothers'  patterns  were  destroyed  by  Are.  The  sizes  and  capacities  of  the  new  patterns,  as  shown 
by  tlie  later  list,  differ  somewhat  from  the  earlier  ones,  largely  owing  to  their  lower  rating  in  efficiency. 
A  peculiarity  of  the  runner  is  a  groove  and  swell  forming  a  corrugation  in  the  center  of  each  bucJcet 
intoided  to  guide  the  water  through  the  wheel.   Later  wheels  are  also  mounted  in  register^te  cases. 

IRBISO— 06 7 
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Bating  tahUs  for  Jorwai  fur6tne«. 
McELWAIN  JONVAL.a 
[1871  Ust.] 


Diame* 

terof 

mnner 

inlDchea. 


12.. 
14., 
16., 
18., 
20. 
25. 
28., 
30., 
38. 
44., 
48.. 
fiO., 
65.. 
60.. 
72.. 


Listed 
style  or 
number. 


Manufacturer's  rating  for 
a  head  of  16  feet. 


Horse- 
power. 


4.71 
6.79 
9.05 
12.69 
16.20 
21.74 
28.98 
38.04 
50.00 
65.21 
79.71 
94.20 
115.91 
144.94 
217.41 


Dis- 
charge in 

cubic 
feet  per 
minute. 


Revo- 
lutions 

per 
minute. 


171 

214 

335 

471 

601 

807 

1,076 

1,413 

1,856 

2,420 

2,950 

3,497 

4,304 

5,381 

8,061 


479 
406 
323 
300 
280 
230 
216 
202 
160 
144 
116 
106 
101 
86 
73 


Coefficients. 


Power 
(-P). 


0.073 

.090 

.141 

.198 

.253 

.338 

.452 

.593 

.780 

1.017 

1.240 

1.470 

1.800 

2.261 

3.392 


Dis- 
charge 


Vent 
in 


fi!J?..2S^ 


I 


0.713 

.892 

1.397 

1.964 

2.501 

3.365 

4.464 

5.892 

7.740 

10.001 

12.330 

14.582 

17.948  ! 

22.438 

33.614 


110.8 
101.5 
80.7 
75.0 
70.0 
67.5 
64.0 
50.5 
40.0 
36.0 
29.0 
26.5 
25.2 
21.5^ 
18. 2" 


BLOOMINQDALE.  OR  WAIT'S  CHAMPION.* 


Weight 

in 
pooDdi. 




160 

220 

-292 

10. 
13. 
17. 
21. 
24. 
27. 
30.. 
36.. 
40. 
44., 
48. 
64. 
60. 
72., 


I 


3.4 

4.6  I 
7.6 
12.0  I 
18.0 
25.0  ; 
.34.0 
45.0 
56.0  ! 
64.0  ' 
72.0 
93.0 
107.0 
181.0 


122 
160 
280 
474 
678 
940 
1,220 
1,611 
2,034  I 
2,406  ! 
2.710  [ 
3,531 
4,068 
6,783  I 


506 
372 
325 
276 
253 
242 
190 
172 
155 
133 
122 
102 


0.063 

072 

.118 

.187 

.281 

.390 

.530 

.702 

.874 

.996 

1.123 

1.451 

1.670 

2.824 


I 


0.509 

172.0 

.667 

127.0 

1.168 

93.0 

1.976 

81.2 

2.827 

69.0 

3.920 

63.2 

5.067 

60.6 

6.718 

47.5 

8.482 

43.0 

10.033 

38.7 

11.301 

33.2 

14.724 

30.5 

16.964 

25.5 

28.285 

21.6 

9 
12 
21 
35 
50 
70 
90 
120 
150 
180 
200 
260 
300 
500 


a  Made  by  H.  8.  McElwain  &  Co.,  Amsterdam,  N.  Y.  Has  outside  register  gate,  similar  to  Uut  i( 
the  Bodine  Jonval. 

t>  Made  by  McC  arthy  &  Doremus  Manufacturing  Company,  Sandy  Hill,  N.  Y.  Has  cast-iron  Jodt&I 
runner  and  guide  ring.  Not  usually  provided  with  a  gate,  out  erected  in  an  iron  or  wooden  penstock 
having  a  gate  in  the  throat.  Wheels  from  similar  patterns  were  made  by  the  Sandy  HiU  (N.Y.)  Uoa 
and  Brass  Works  and  by  Ryther  &  Pringle,  Carthage,  N.  Y. 


Digitized  by  LjOOQIC 


POWER,  DISOHABOE,  AND   SPEED. 


99 


Rating  tables  for  Jomxd  turbines — Continued. 
DIX  IMPROVED  JONVAL.a 


Diame- 
ter of 
nmn«r 
in  inches. 


List4?id 
style  or 
number. 


Manufacturer's  rating  for 
a  bead  of  16  feet. 


12 

18 

20 

24 

30 

36 

40 '. 

48 |. 

54. 

eo 

72 

I 


DU- 

P<>^^'-      f^t  ^r 
minute. 


4.13 
10.33 
13.77 
10.28 
30.99 
46.49 
55.09 
77.48 
96.41 
120.51 
172. 17 


Revo- 
lutions 

per 
minute. 


160 
4011 
635  , 
749  I 
1,203  I 
1,805  I 
2,139 
3,006 
3,744 
4,679 
6,685 


491 
327 
294 
270 
216 
164 
147 
123 
109 
108 
90 


Coefficients. 


Power 
(-P). 


0.064 

.161 

.215 

.301 

.484 

.726 

.861 

1.210 

1.504 

1.880 

2.686 


Dis- 
charge 

(-Fl. 


0.669 

1.676 

2.223 

3.121 

6.012 

7.521 

8.912 

12.533 

15.600 

19.496 

27.854 


Speed 


122.7 
81.7 
73.5 
67.5 
54.0 
41.0 
36  7 
30.7 
27.2 
27.0 
22.5 


Vent 
in 


Weight 
in 


»^<!f";  pound.. 


inches. 


12.0 

30.5 

40.0 

56.0 

90.0 

135.0 

160.0 

225.0 

280.0 

350.0 

500.0 


OSGOOD  IMPROVED  JONVAL.ft 
[1883  list.] 


4.54 

11.36 
15.14 
21.20 
34.08 
61.18 
60.50 
85.22 
106.05 
132.56 
180.38 


160 

540 
359 
323 
297 
237 
Wd 
161 
135 
119 
118 
99 

0.071 
.177 
.236  1 
.331  1 
.631 
.798 
.945 
1.329 
1.654  1 
2.068 
2.954 
1 

0.660 
1.676  , 
2.223 
3.121 
5.012 
7.521 
8.912  1 
12.533 
15.600  1 
19.496 
27.854 
i 

135.0 
89.8 
80.8 
74.2 
59.2 
45.0 
40.2 
33.8 
29.8 
29.5 
24.8 

12.0  

401 

30. 5  ... 

535 

40.0  

749 

56.0  

1,203 

90.0  

1,805 

135.0  

2,139 

160.0  

3,008 

226.0  

3,744 

280.0 

4,679 

360.0  

6,685 

600.0  

BODINE  JONVAL.c 


12.. 
14.. 
16.. 
18.. 
20.. 
25.. 
21.. 
30.. 
35.. 
40.. 
45.. 
50.. 
55.. 
tJO.. 
72.. 


4.71 

6.79 

9.05 

12.60 

16.20 

21.74 

28.98 

38.04 

50.00 

65.21 

79.71 

94.20 

115.94 

144.94 

217.41 


171 

214  ' 

335 

471 

601  I 

807 

1,076  I 

1,413 

1,856  I 

2.420 

2,959  I 

3,497 

4,304 

.  5,381 

8,061 


479 
406 
323 
300 
280 
230 
216 
202 
160 
144 
116 
106 
101 
86 
73 


0.073  I 

.090  ' 

.141  I 

.198  I 

.263 

.330  I 

.452  I 

.503  I 

.780  I 

1.017 

1.243 

1. 470  I 

1.808 

2.261  I 

3.392  I 


I 


0.713 

119.7 

.892 

101.5 

1.397 

80.7 

1.964 

75.0 

2.506 

70.0 

3.365 

57.5 

4.487 

54.0 

5.892 

50.5 

7.740 

40.0 

10.091 

36.0 

12.339 

29.0 

14.582 

26.5 

17.948 

25.2 

22.439 

21.6 

33.614 

18.2 

13 

13 

25 

35 

45 

60 

80 

105 

138 

180 

220 

260 

320 

400 

630 


190 

260 

370 

490 

650 

980 

1,150 

1,350 

1,680 

2,075 

2,420 

3,000 

3,600 

4,noo 

5,100 


«  Made  by  J.  L.  &  S.  B.  Dix,  Glens  Falls,  N.  Y.  This  wheel  has  a  cast-iron  runner  and  guide  ring.  It 
Qu  no  case  or  gate,  and  is  set  in  a  penstock  having  a  gate  in  the  throat  of  the  leading  flimie. 

^Made  by  John  Osgood,  Fort  Edward,  N.  Y.  A  cast-iron  runner  with  guide  ring  is  mounted  In  a 
*iou£ht-iron  penstock  having  a  gate  in  the  throat  similar  to  that  of  the  (  base  Jonval. 

'lude  by  Genesee  Valley  Manufacturing  Company,  successors  to  Bod'me  Manufacturing  Company, 
Mount  Morris,  N.  Y.  Has  a  register  gate  over  the  guide  chute  entrance.  The  guidea  are  thickened  at 
the  top,  where  they  have  a  wid^  equal  to  the  breadth  of  the  chute  openings.        '^®^  ^yxjrvrog  rv 


100      TURBINE   WATER-WHEEL   TESTS   AND   POWER   TABLES, 

Bating  tables  for  Jonval  turbines — Cootinued. 

CHASE  IMPROVED  JONVAL.a 
[1897  list.] 


Diame- 
ter of 
runner 
in  inches. 


Manulacturer'a  rating  for 
a  head  of  16  feet. 


Listed 
style  or 
number. 


Horse- 
power. 


Regular. 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
Special... 
....do... 
....do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 
....do... 
....do... 


6.47 

7.90 

13.09 

16.40 

28.25 

35.55 

42.53 

56.21 

88.10 

114.83 

127.50 

196.85 

243.03 

8.64 

15.80 

24.23 

31.16 

42.37 

53.33 

60.50 

82.06 

126.86 

151.45 

178.80 

303.00 

436.32 


Dls- 
change  in 

cubic 
feet  per 
minute. 


Revo- 
lutions 

minute. 


240.6 
3^.4 
574.8 
721.8 
1,243.2 
1,564.2 
1,871.4 
2,472.6 
3,876.6 
5.052.6 
5,614.0 
8.661.6 
1,060.3 
379.0 
694.0 
1,069.0 
1,309.0 
1,864.0 
2,346.0 
2,673.0 
3,609.0 
5,581.0 
6,683.0 
7,891.0 
13,366.0 
19,248.0 


576 
462 
356 
306 
287 
254 
241 
197 
177 
151 
143 
124 
110 
658 
528 
411 
367 
328 
290 
276 
233 
201 
'  186 
173 
142 
128 


Coefficients. 


Power 
(-P). 


nSltL   '  Speed 


0.065 

.123 

.204 

.256 

.441 

.555 

.663 

.877 

1.374 

1.791 

1.990 

3.071 

3.791 

.135 

.246 

.378 

.486 

.661 

.832  j 

.945  I 

1.280  I 

1.979 

2.363 

2.778 

4.727 

6.806 


1.003 

1.449 

2.397 

3.010 

5.184 

6.523 

7.804 

10.311 

16.165 

21.060 

23.395 

36.119 

44.591 

1.58 

2.894 

4.458 

5.709 

7.773 

9.783 

11.146 

15.050 

23.273 

27.868 

32.905 

55.736 

80.264 


144.0 
115.5 
80.0 
77.0 
71.7 
63.5 

eo.2 

49.2 
44.2 
37.7 
35.7 
31.0 
27.5 
164.5 
132.0 
102.7 
91.7 
82.0 
72.5 
60.0 
58.2 
50.2 
46.5 
43.2 
35.5 
32.0 


18 
26 
43 
44 
93 
117 
140 
185 
390 
378 
420 
648 
800 
28 
52 
80 
102 
140 
175 
200 
270 
417 
500 
590 
1,000 
1.440 


a  Made  by  Chase  Turbine  Manufacturing  Company,  Orange,  Mass.  This  is  a  parallel  downwvd-flov 
turbine  having  a  runner  like  that  of  the  Jonval  wheel,  but  with  vanes  curved  both  axially  and  i»di»ily- 
The  runner  is  mounted  in  a  wrought-iron  penstoclc  with  a  wicket  gate  in  the  throat. 
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Raiing  tables  for  register-gate  turbines. 

GATES  CURTIS.a 


Diame- 

Ur  of 

runner 

in  inches. 


Listed 
style  or 
number. 


Manufacturer's  rating  for 
a  head  of  16  feet. 


Horse- 
power. 


IMs- 
charge  in 

cubic 
feet  per  ,_i*l;,*o 
mtoute.   ™l°"te. 


Revo- 
lutions 


20 Regular . . 

20 Register. 

25.. 
25.. 


Regular. 

Register. 

30 *  Regular. 

30 j  Register. 

35 Regular. 

35 !  Register. 

40 R^ular . 

Register.. 

Regular.  .1 

Register.. 


40. 


56 Regular. 


9.33 
7.35 
14.54 
U.CO 
21.58 
16.20 
32.16 
22.04 
41.60 
29.00 
62.07 
40.69 
88.83 


597 
486  I 
923  ' 
748  I 
1,376  ' 
1,072 
2,051 
1,458 
2.653 
1,920  j 
3,960  ' 
2,693  ' 
5,666  ' 


Coe£Bclent.««. 


Power 


(  =  N). 


Vent 

in 
square 
inches. 


Weight 

in 
pounds. 


0.295 
.232 
.459 
.357 
.682 
.512 
1.016 
.606 
1.315 
.916 
1.961 
1.286 
2.807 


3.146    1       57.2 

2.561  i 

46.0 
88.0 
71.0 
130.8 
101.0 
193.7 
138.0 
250.8 
182.0 

4.864 
3.942 
7.252 
5.649 

10.809 
7.684 

ia981 

10. 118 

20.860    

374.4 
255.0 
535.0 

14.193    

29.860    



ECLIPSE  DOUBLE.* 

[1883  list.] 


8... 
10.. 
Mi- 
ls.. 

m. 

30.. 
25.. 
30.. 
35.. 
40.. 
48.. 
54.. 


66.. 
72.. 


2. 

3. 

5. 

7. 

10. 

17. 

24. 

33. 

52. 

67. 

98. 

128. 

168. 

214. 

254. 


94 

132 

227 

297 

428 

721 

1,010 

1,384 

2,160 

2,778 

4,048 

5,293 

6,947 

8,818 

10,517 


616  : 

488 

395 

327 

280 

244 

197 

164 

140 

122 

103 

91 

82 

74 

68 


0.035 

0.392 

.550 

.946 

L238 

1.784 

154.0 
122.0 
98.5 
8L8 
70.0 

7.0 

9.9 

17.0 

22.3 

31.8 

.050 

.066 

.112 

L62 

500 

.273 

3.006 

6L0 

53.6 

675 

.382 

4.212 

49.3 

75.6 

1,150 

.523 

5.771 

41.0 

103.6 

1,800 

.818 

9.007 

35.0 

161.8 

2,400 

1.051 

11.584 

30.5 

208.0 

3,300 

1.531 

16.880 

25.8 

303.0 

5,000 

2.000 

22.072 

22.8 

396.0 

6,725 

2.627 

28.969 

20.5 

519.8 

8,225 

3.340 

36.771 

18.5 

660.0 

10,000 

3.976 

43.773 

17.0 

787.5 

10,825 

HELMER'S  PATENT  ROME.^ 


12. 
15. 
18. 
21.. 
24. 
30. 
36. 
42.. 
48.. 


7.00 
10.50 
14.00 
2L44 
28.88 
46.54 
1)4.00 
84.02 
108.56 


300.0 

450.0 

600.0 

900.0  I 

1,200.0 

1,920.0  I 

2,640.0 

3,466.2 

4,479.6 


426 
355  I 
284  I 
248 
213  ' 
170 
142  I 
122  I 
106 


0.109 
.161 
.218 
.335  ! 
.451  ' 

.726 ; 

1.000 
1.310 
1.694  I 


1.250  I 
1.875  i 
2.500  I 
3.750  I 
5.000 
8.000 
11.000  I 
14.442 
18.665  I 


106.5 
88.7 
71.0 
62.0 
53.2 
42.5 
35.5 
30.5  I 
26.5  I 


22 

33 

I 
45 

67 

90 

144' 
198 
260 
336 


oHade  by  Gates  Curtis,  Ogdensburg,  N.  Y. 


p^ter  gate.    The  water  enters  in  an  inward  and  downward  direction  and  is  discharged  downward 
The  wheel  closely  resembles  the  Jon val  type. 


A  turbine  of  small  capacity,  commonly  with  an  inside 
and  downward  direction  and  is  disciiarged  downward. 
..        According  to  the  list  the  "regular"  pattern  of  each  size 
ia  built  with  cylinder  gate. 

^Hade  bv  Stillwell  &  Bierce  Manufacturing  ("ompany,  Dayton,  Ohio.  An  inside  register-gate  turbine. 
The  gate  ring  is  of  about  the  same  thickness  as  the  fixed  outside  guide  ring.  One-half  of  each  guide  is 
in  the  inner  ring.  The  ends  slide  past  each  other  In  such  manner  as  to  give  a  continually  contracting 
Mwithout  sharp  angles.  The  nmner  hascentral  division  plate.  The  buclcets  arecurved  slightly  down- 
ward, but  do  not  bmge  outward. 

(Made  by  S.  Adams  &  Son,  Rome,  N.Y.  A  turbine  of  small  capacity  with  inside  register  gate.  Buckets 
00176  xadlaUy,  but  discharge  inward  and  downward. 
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Rating  tables  for  rtgister-gaU  turbines — Contioued. 

CASE  NATIONAL  IMPROVED.a 

[1896  list.] 


Manufacturer's  rating  for  \ 
a  head  of  16  feet.  ' 


Coefficients. 


Dlame- 
1  ter  of 
,    runner   ! 

in  inchef». 


Usted 
style  or 
number. 


Vh?.l^n      Revo-' 

power.      iZr^^.       per 


Vent 


Power 


Dis- 
charge 


5 

! 

1,16 

10 

2.77 

10 

4. 16 

16   . 

7.14 

15 

9. 64 

15 

11.92 

20 

....    12.72 

20 

15. 89 

20 

19.09 

25 

23. 26 

25 

31.02 

30 

31.57 

30 

36.60 

30 

'    43.35 

40 

56. 60 

40 

60.61 

40 

83. 55 

50 

124. 32 

50 

143.22 

60 

1   167. 10 

60 

1   2no..'« 

1 

48  ; 
112 
168  ' 
288  ' 
385 
481 
513 
641 
770 
938 
,251 
,273 
,476 
,708 
,286 
,807 
,369 
,013 
,775 
738 
,086 


960 
550  I 
550  I 
362  I 
362  I 
362  I 
266  i 


208 

208  j 

•  174  I 

m\ 

174 
132  I 
132  I 
132 
106 
106 
90J 
90 


0.018 
.043 
.065 
.111 
.149 
.186 
.196 
.248 
.296 
.363 
.484 
.492 
.571 
.675 
.884 
1.086 
1.303 
1.932 
2.234 
2.607 
3.128 


0.200 

.467 

.700 

1.201 

1.605 

2.006 

2.139 

2.673 

3.211 

3.911 

5.217 

5.306 

6.155 

7.122 

9.533 

11.705 

14.049 

20.904 

24.082 

28.097 

33.719 


^^'SSS^ 


Weight 

in 
poand». 


245.0 
137.0 
137.0 
90.5 
90.5 
90.5 
66.5 
66.5 
66.5 
52.0 
52.0 
43.5 
43.5 
43.5 
33.0 
33.0 
33.0 
26.5 
26.5 
22.5 
22.5 


3.6 
8.4 

12.6 
21.6 
28.8 
36.0 
38.4 
4».0 
57.6 
70.2 
93.6 
96.0 
110.4 
127.8 
171.0 
210.0 
252.0 
375.0 
432.0 
504.0 
604.8 


45 

^ 
390 
530 
5» 
600 

m 
m 

900 
1,500 
1.60O 
2,000 
2,U0 
2,300 
3,500 
3,700 
3,900 
7.000 
7^ 
12,000 
13.000 


WETM0RE.6 


I     12 5.49  213  457 

'     15 8.34  333  366  1 

I    18 11.70  467  :  305 

21 i  17.41  695  260  I 

I    24 24.47  976  228  I 

27 30.16  1,203  1  201, 

30 37.70  1  1,497  .  182 

36 \  54.29  2,167'  153 

'  42 '  81.44  '  3,251  I  130 

48 '  112.20  j  4,479  114 

54 '  137.09  5,472'  101 

60 191.38  7,639  i  91 


0.065  , 

.130 ; 

.182  i 
.272 
.382  j 
.471 
.589  I 
.848 
1.272 
1.753 
2.142 
2.990 


0.888 

1.388  ' 

1.947  ' 

2.896  ) 

4.070 

5.016 

6.242  { 

9.036 

13.566  I 

18.677  I 

22.818 

31.855  I 


114.2  j 
91.5 
76.2 
65.0  ' 
57.0 
50.2 
45.5 
38.2 
32.5 
28.5 
25.2 
22.7 


16 

25 

35 

52 

73 

90 

112 

162 

243 

334 

409 

571 


oMade  by  the  Case  Wheel  and  Mill  Company,  Bristol,  Conn.  This  wheel  has  buckets  of  medium deptt, 
moderately  curvetl  both  in  line  of  nidius  and  parallel  to  axis,  but  not  protruding  beiow  lower  oois** 
band  of  runner,  which  can  be  ljU«*d  from  case  vertically.  Runner  resembles  that  of  the  Swain  turbine: 
has  Inside  register  gate.  One-half  of  each  quadrant  of  wheel  is  entirely  closed,  the  other  half  conttffl* 
four  guides.  The  register  gate  fits  against  the  closed  portion  of  guide  ring  when  wheel  is  open,  tetrm? 
four  openings  opposite  the  guide  chutes  which  are  completely  shut  off  one  after  another  as  register  rinf 
is  moved  over  them. 

b  Made  bv  Sullivan  Machine  Companv.  Clareraont,  N.  H.  This  turbine  has  outside  registergate,  T» 
buckets  are  large  and  the  guide  chutes  lew  in  number.  The  buckets  are  curved  axially  and  radially. but 
do  not  protrude  beyond  tne  lower  rim  band  of  runner. 
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Rating  tables  for  register-gate  fur&tne^— Continued. 
FLENNIKEN^a 


1 

Diame- 
ter of 
renner 
ill  inches. 

Listed 
style  or 

Mftnnfacturer*8  rating  for 
a  bead  of  16  feet. 

Coefficients. 

Vent 

in 
square 
inches. 

Weight 

in 
pounds. 

Horse- 
power. 

Dis- 
charge In 

cubic 
feet  per 
minute. 

Revo- 
lutions 

minute. 

Power 
(-P). 

Dis- 
charge 

f^. 

8 

2.76 
3.80 

116 

157 

234 

270 

367 

500 

669 

794 

1,058 

1,406 

1,909 

2,678 

3,526 

4,948 

*5,878 

7,554 

9,961 

780 
606 

506 

^ 

380 
338 

304 
270 
243 
203 
173 
152 

0.043 
.050 
.087 
.103 
.136 
.192 
.239 
.302 
.403 
.536 
.707 

1.016 

0.480 
.655 
.976 

190.0 
152.0 
126.5 

8 

11 

16 

19 

25 

35 

47 

55 

73 

96 

130 

182 

240 

336 

400 

514 

•    702 

130 

210 

333 

380 

460 

600 

800 

940 

1,110 

1,500 

2,200 

2,900 

3,750 

5,000 

6,100 

7,300 

11,000 

10 

12 

5.58 
6.61 

14 

1.126       108.8 

1.530        95.0 

2.065  1      84.5 

2.790  1      76.0 

3.311        67.5 

4.412  '      60.8 

5.863  {      50.8 

7.960  1      43.2 

11.167        38.0 

14.703        33.8 

20.633  '      30.5 

24.511         28.5 

31.500        25.5 

41.537  1      21.2 

16 

8.74 

12.34 

15.34 

19.35 

25.86 

34.34 

45.30 

65.15 

83.67 

118.99 

139.90 

184.73 

243.85 

18 

21 

22i 

25 

30 

35 1 

, « 1....::....:. 

1    45 1 

135  1        1.305 
122  ,        1.856 
114          2. 182 

50 ' -- 

56 

60 

102 
85 

2.882 
3.804 

.    72 

1 

HUMPHREY  STANDARD  IXL.6 
[1896  Ust.] 


12 

4.6 

7.1 

10.2 

14.0 

18.3 

23.1 

28.5 

34.5 

41.1 

56.0 

73.1 

92.5 

114.2 

146.3 

195.0 

243.8 

318.7 

150 

236 

340 

464 

604 

765 

945 

1,144 

1,360 

1,852 

2,420 

3,064 

3,780 

4,838 

6,450 

8,064 

10,550 

400 
320 
267 
229 
200 
178 
160 
145 
133 
115 
100 
80 
80 
71 
62 
52 
48 

0.072 

.1110 

.160 

.218 

.285 

.360 

.446 

.538 

.641 

.874 

1.142 

1.443 

1.782 

2.282 

3.042 

3.803 

4.972 

0.626 

.984 

1.418 

1.935 

2.519 

3.190 

3.941 

4.770 

5.671 

7.723 

10.091 

12.777 

15.763 

20.158 

26.897 

33.627 

43.994 

100.0 
80.0 
66.7 
57.2 
50.0 
44.5 
40.0 
36.2 
33.2 
28.7 
25.0 
22.2 
20.0 
17.7 
15  5 
13.0 
12.0 

15 

18 

21 

24 

27 

30 

33 

36 

42 

48 

54 

60..     .. 

68 

78 

88  .  .  . 

100., . . . 



1 

a  Made  by  Dubuque  Turbine  and  Roller  Mill  Company,  Dubuque,  Iowa, 
bine  of  moderate  capacity. 
6  See  footnote  (a)  on  foUowing  page. 


An  inside  register-gate  tur- 
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Bating  tobies  for  register-gate  titrbines — Continued. 

HUMPHREY  STANDARD  XLCR.o 

[1898  Ust.] 


Diame- 
ter of 
runner 
in  inches. 

Listed 
style  or 
number. 

Manufacturer's  rating  for 
a  head  of  16  feet. 

CoefBdents. 

Vent 

in 
square 
inches. 

j 
1 

Horse- 
power. 

Dis- 
chaivein 

cubic 
feet  per 
minute. 

Revo- 
lutions 

minute. 

Power 
(-P). 

Dw- 

Speed 

Weight 
poonds. 

6 

2.3 
4.0 
6.3 
9.1 
14.3 

75 

134 

210 

302 

473 

680 

926 

1,210 

1,532 

1,890 

2,288 

2,720 

-3,704 

4,840 

6,064 

7,560 

9,676 

800 
600 
480 
400 
320 
267 
229 
200 
178 
160 
145 
133 
115 
100 
89 

a036 

.062 

.098 

.142 

.223 

.320 

.437 

.560 

.721 

.891 

1.076 

1.282 

1.747 

2.281 

2.886 

0.313 

200.0 

8 

.550       150.0 

10... 

.876 

1.250 

1.972 

2.836 

3.861 

5.046 

6.388 

7.881 

9.541 

10.134 

15.446 

20.183 

25.287 

31.525 

40.349 

120.0 
100.0 
80.0 
66.8 



," 

15 

-    -    i 

18  ...  . 

20.5 
28.0 
36.5 



21 

57.2 
50.0 
44.5 
40.0 
36.2 
33.2 
28.8 
25.0 
22.2 

24 

27 

46.2 
57.1 
60.0 
82.2 
112.0 
146.2 

1 

30 

1 

33 

1 

36..   .     1 

42 1 

48 1 

54 ! 

185.0 

60 ' ; 

228.4 
292.6 

80  !       3.563 
71  1        4.565 

20.0 
17.8 

68.,....'...: 

1 

BURNHAM'S  NEW  IMPROVED  STANDARD.6 
[190011st.] 


4.41 

178 

6.03 

244 

7.89 

318 

9.97 

402 

12.30 

497 

14.88 

600 

17.70 

714 

24.11 

972 

31.47 

1,250 

39.87 

1,608 

49.22 

1,984 

70.90 

2.850 

101.5 

4,087 

131.1 

5,289 

165.4 

6,670 

203.4 

8,203 

I 


540 

463 

405 

360 

324 

295 

270 

232 

203 

180 

162 

135  I 

116  ' 

101  1 

90 

82  I 


.094  I 

.123  I 

.156  I 

.192 

.231  ' 

.276  I 

.376  I 

.491  I 

.622 

.768 

1.106 

1.583 

2.045  I 

2.580  ' 

3.173 


0.742 

136.0 

13.3 

1.017 

115.8 

18.3 

1.326 

101.2 

23.7 

1.676 

90.0 

30.0 

2.072 

81.0 

37.8 

2.502 

73.8 

44.8 

2.977 

67.5 

53.4 

4.053 

58.0 

72.7 

5.292 

50.8 

94.0 

6.705 

45.0 

120.3 

8.273 

40.5 

14S.5 

11.922 

33.8 

213.7 

17.043 

29.0 

305.7 

22.055 

25.2 

395.4 

27.814 

22.5 

498.9 

34.206 

20.5 

613.5 

160 

185 

290 

370 

450 

580 

640 

966 

1,200 

1,600 

2,000 

2,850 

4.060 

6,000 

6,900 

8,900 


a  Made  by  Humphrey  Machine  Company,  Koene,  N.  H.  The  IXL  is  a  flume  wheel.  The  XLCR  i« 
similar,  but  is  mounted  in  pairs  on  horizontal  shaft  with  central  draft  tube.  A  register  ring  of  th« 
ordinary  type  lies  between  the  gOide  ring  and  runner.  About  this  the  guide  ring  revolves,  giving  in 
effect  a  register  gate.  The  upper  and  lower  rims  of  the  guide  ring  are  Doldly  curved,  and  tne  guide 
vanes  are  few  and  give  long  curved  chutes.  Manufacturers'  power  table  is  based  on  the  theoretiosi 
power  of  the  water,  and  the  quantities  are  to  be  multiplied  by  an  efficiency  factor  to  get  net  power. 

f>  Made  by  Bumham  Brothers,  York,  Pa.  This  is  an  inside  register-gate  turbine.  The  buckets  are 
not  deep,  and  the  vanes  curve  axially  at  bottom.  The  stated  weights  are  for  wheels  with  worm  gate 
gearing. 
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Rating  tables  for  regigter-gate  turbines — Continued. 

BALANCED  GATE.a 
[1805  Ust.] 


Manulactuier's  ratlnf  for 
a  head  of  16  feet. 


Diame- 
ter of 


Listed     . 
nmn^i.        style  or 


'•I 


power. 


6...   . 

8 

10 

12 

14 

16 

18 

21 

«....:.!....: 

27 

ao 

33 1 

36..   .   .      

42 1 

48 

54. 1 

60 ! 

66 1 

72 ' 

L86 
3.36 
5.28 
7.66 
10.38 
13.60 
17.27 
23.58 
31.85 
39.28 
48.78 
58.87 
70.74 
96.74 
127.1 
161.8 
200.6 
243.8 
291.4 


Dis- 
charge in 

cubic 
feet  per 
minute. 


Revo- 
lutions 

per 
minute. 


76 
138 
217 
312  I 
426  I 
558 
708  I 
967  ' 
1,267 
1,606 
1,968 
2,410 
2,874 
3,930 
5,164 
6,574 
8,150 
9,908 
11,804 


790 

604 

486 

406 

348 

306 

274 

236 

206 

184 

166 

150 

138 

120 

105 

94 

85 

77 

72 


CoefBcients. 


Power 

(-P). 


0.029 

.052 

.062 

.119 

.162 

.212 

.269 

.368 

.497 

.613 

.761 

.918 

1.104 

1.509 

1.983 

2.624 

3.129 

3.803 

4.546 


,  Dis- 
charge 

(-f3. 


0.317 

.575 

.905 

1.301 

1.776 

2.327 

2.952 

4.032 

&283 

6.607 

8.290 

10.050 

11.984 

16.388 

21.534 

27.414 

33.966 

41.316 

40.223 


Speed 

(-N). 


I 


197.5 
15L0 
m.5 
101.5 
87.0 
76.5 
68.5 
69.0 
51.5 
46.0 
41.5 
37.5 
34.5 
30.0 
26.2 
23.5 
21.25 
19.2 
18.0 


I 

.'  180 

260 

360 

530 

.'  690 

840 

1, 170 

.'      1,540 

1,710 

2,400 

3,100 

4,000 

5,700 

6,800 

.       8,500 

.      10,500 

.:     13,000 

I 


ALCOTT'S  HIGH  DUTY.ft 
[1898  list.] 


10 

Standard. 

4.1 

160  1 

484 

0.064 

0.667 

121.0 

12 

165 

10 

Special... 

9.05 

397 

484 

.155 

1.655 

121.0 

30 

275 

12 

Standard. 

5.7 

223  1 

403  , 

.069 

.930  ' 

100.7 

17 

225 

J2 

Special... 

13.00 

540  I 

403 

.203 

2.252  1 

100.7 

41 

400 

13 

Standard. 

7.2 

281  1 

378 

.112 

1.172  ' 

94.5 

21 

275 

13 

Special... 

16.45 

681  1 

378  , 

.257 

2.840  1 

94.5 

51 

475 

15 

Standard. 

8.1 

334 

337 

.126 

1.393  , 

84.2 

25 

325 

15 

Special... 

20.29 

845] 

337 

.317 

3.524  ' 

84.2 

63 

550 

18 

Standard. 

12.2 

508 

276 

.190 

2.118  j 

69.0 

38 

500 

18 

Special... 

29.25 

1,217 

276 

.456 

5.075 

60.0 

91 

850 

21 

Standard. 

18.9 

762 

234 

.295 

3.178 

58.5 

67 

750 

21 

Special... 

39.80 

1,656 

234 

.621 

6.906 

58.5 

124 

1,250 

24 

Standard. 

24.8 

968| 

200 

.387 

4.036  ! 

52.2 

73 

960 

24 

Special... 

52.00 

2,164  j 

200 

.811 

9.024  j 

52.2 

162 

1,600 

27 

Standard. 

29.3 

1,140 

188 

.457 

4.754 

47.0 

80 

1,200 

27 

Special... 

65.80 

2,724 

188 

1.026 

11.359 

47.0 

204 

2,060 

30 

Standard. 

43.9 

1,818 

166 

.685 

7.581 

41.5 

137 

1,800 

30 

Special... 

81.17 

3,381 

166 

1.266 

14.099 

41.5 

253 

3,050 

30 

Medium.. 

62.0 

2,406 

166 

.967 

10.033 

41.5 

180 

35 

Standard. 

63.2 

2,616 

139 

.986 

10.909 

34.7 

195 

2,600 

L 

a  Made  by  the  Christiana  Machine  Company,  Christiana,  Pa.  Has  inside  register  gates.  The 
buckets  are  nearly  straight,  curving  slightly  at  the  bottom. 

^Made  by  T.  C.  Alcott  &  Son,  Mount  Holly,  N.  J.,  In  regular  and  special  stvlcs.  The  regular  style  has 
a  cylindrical  runner  similar  to  that  of  the  Swain.  The  special  style  has  bulging  buckets  extending  the 
<iiicbaige  area  outcide  of  nominal  diameter,  as  in  McCormick  and  Victor.    Inside  register  gate. 
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Rating  iahUsfor  register-gale  turbines — Continued. 
ALCOTT'S  HIGH  DUTY-Continued. 


Diame- 
ter of 
runner 
in  inches. 


42.. 
42.. 
48.. 
48.. 
54. 
60. 
66. 


Tested 
style  or 
number. 


Manufacturer's  rating  for  ' 
a  head  of  16  feet.  , 


Horse- 
power. 


SpedaL...! 
Standard.! 
Special...' 
Standard .  i 
Special... 


chfi^ln'A^^ 

cuW      »"^^^^°»| 
f^t  per 
minute. 


per 
'mmut 


lUte. 


117.00  1 

1 
4,868  1 

79.3  1 

3,182 

159.20 

6,624 

117.5  , 

4,742  1 

208.00 

8,656  * 

174.5 

6,958  1 

208.5  1 

8,622  I 

278.2  I 

11,450  1 

139 
118 
118 
103 
103 
92 
83 
76 


Coefficients. 


Power 
(-P). 


1.825 

1.237 

2.484 

1.833 

3.24 

2.722 

3.253 

4.340 


Vent 

in 
square 
inchen. 


I 


20.300 
13.269 
27.622 
19.774 
36.096 
29.015  ' 
35.954  , 
47.746 


I 


34.7  I 
29.5 
29.5  I 

25.7  I 
23.0  , 
20.7 
19.0  I 


365  I 
238 
«»  ; 
354  ! 
648  ! 
531 
645  I 
869 


Weight 

in 
poands. 


4,400 
3,700 
6,300 
5,000 
7,500 
5,800 
7,8B0 
9,300 


LESNER'S  IMPROVED.* 
[1808  Ust.] 


56 

86...;. 

8 

1 
0.64 

1.44 

26.3 

58.7 
97.8 

994 
621 
621 

0.010 
.022 
.037 

0.109 
.244 
.407 

248.5 
155.2 
155.2 

1.97 
7.33 
4.40 
7.33 
13.27 
17.70 
23.60 
23.05 
29.50 
30.16 
37.70 
45.24 
51.15 
68.20 
85.25 
97.37 

8 1 

11 

11 

14 

m 

m 

18 

18  ... 

4.29 

5.72 

'    7.44 

'    9.52 

'    9.74 

12. 19 

177.6 

236.4 

314.4 

307.8 

393.6 

403.2 

504.0 

604.8 

684.0 

912.0 

1,140.0 

1,302.0 

1,591.2 

1,687.2 

2,024.4 

2,256.6 

2,632.8 

3,037.8 

3,442.8 

4,023.0 

4,827.0 

5,899.8 

452 
452 
355 
302 
302 
276 
276 
276 
226 
226 
226 
178 
178 
151 
151 
138 
138 
113 
113 
89 
89 
89 

.067 

.089 

.119 

.116 

.148 

.152 

.190 

.228 

.258 

.344 

.430 

.491 

.606 

.637 

.764 

.852 

.994 

1.147 

1.300 

1.618 

1.811 

2.227 

.740 

.986 

1.312 

1.282 

1.640 

1.680 

2.100 

2.520 

2.850 

3.800 

4.750 

5.425 

6.630 

7.030 

8.435 

9.402 

10.970 

12.658 

14.345 

16.762 

20.112 

24.582 

113.0 
113.0 
88.7 
75.5 
76.5 
60.0 
69.0 
60.0 
66.5 
56.5 
56.5 
44.5 
44.5 
37.7 
37.7 
34.5 
34.5 
28.2 
28.2 
22.2 
22.2 
22.2 

18 

14.63 

22 

16.55 

22  

22. 07 

22 

27.58 

28 

28 

33 

33 

36 

36 

44 

44 

56 

56 

«^ 

31.50 

'   38.50 

'   40.83 

'   49.00 

64.61 

63.71 

1   73.51 

,   83.31 

97.30 

116.80 

142.75 

119.00 
125.90 
149.06 
168.79 
196.92 
227.22 
257.18 
300.88 
361.05 
441.44 

... 

o  Made  by  Fultonville  Foundry  Company,  successors  to  William  B.  Wemplo's  Sons,  Fultonviile,  N.  Y- 
This  Is  an  inside  register-gate  turbine,  with  buclcots  curving  axially  at  bottom  but  not  protruding 
below  lower  rim  bana  of  runner,  which  can  be  lifted  out  of  the  case  vertically.  This  turbine  has  been 
extensively  used  to  operate  ho&i  winches  at  locks  on  the  Erie  Canal. 

6  Brass  runner  for  large  heads. 
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RI8D0N  CYLINDER-  AND  REGISTER  GATE-TURBINE8.« 

[1896  list.] 
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Weight 
In 


«Made  by  T.  H.  Risdon  &  Co.,  Mount  Holly,  N.J.  The  ninner  is  similar  to  that  of  the  Swain, 
pe  depth  varieB  for  each  size  according  to  capacity.  Built  both  with  register  and  with  inside  cylln- 
^  Kate.  The  guide  ring  has  no  upper  flange,  and  water  is  admitted  from  above  as  well  as  around  the 
dfcumferenoe. 
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Rating  tables  far  pivot-'pate  turbines, 

CROCKER  (NEW  TYPE).* 

[1901  list.] 


terof 
runner 

in 
Inches. 


I 


Manulacturer's  rating  for 
a  head  of  16  feet. 


Coefficients. 


I  Listed  style 
or  number.  ' 


Horse- 
power. 


I 


15 

20 

26 

30....  . 
35....  . 

40 

43.. ..I. 

45 

50....  . 
55....  . 
60....  . 


23.04  I 
41.«  , 

64.5  ; 
94.0  j 

124.4 
167.3 
180.9 
205.0 
263.0 
311.0 
366.0 


970 
1,710 
2,665 
3,250 
5,160 
6,040 
7,876 
8,500 
10,400 
12,830 
15,260 


326 
258 
196 
164 
142 
127 
119  I 
114  i 
102 
95  I 


Power 

(-P). 


0.350 
.649 
1.006 
1.466 
1.941 
2.610 
2.962 
3.196 
4.103 
4.852 
5.710 


Dis- 


4.045  1 
7.131 
11,113 
13.552 
21.617 
28.040 
32.843 
;«.  4^:. 
43.368 
53.501 
63.634  I 


Speed 

v-N). 


81.6 
64.6 
49.0 
41.0 
35.5 
31.7 
29.7 
28.5 
25.5 
23.7 
21.2 


72  960 

129  1,C» 

200  2,5i0 
288  4,360 
384  6.480 
512  8,850 
554        11.850 

640    

800    

960  I 

1,120  I 


CROCKER  (OLD  TYPE).* 
[1806  list.] 


15 

14.4 
25.9 

601 
1,070 
1,670 
2,406 
3,210 
4,345 
5,292 
6,700 
8,040 
9,435 

326 
258 
196 
164 
142 
127 
114 
102 
95 
85 

0.225 

•   -.404 

.632 

.911 

1.214 

1.635 

1.997 

2.533 

3.033 

3..560 

2.506 
4.462 
6.964 
10.033 
13.386 
18.119 
22.168  1 
27.939  1 
33.527  1 
39.344  { 

81.5 
64.5 
49.0 
41.0 
35.5 
31.7 
28.5 
26.5 
23.7 
21.2 

1 
45  

20.... 

80  1 

25.... 

40.5 
.58.4 
77.S 
104.8 
128.0 
162.4 
194.4 
228.8 

125  

30 

180   

35 

240   

40 

320  

45 

400    

50 



500    

m 



600  

«. 

TOO    ' 

1 

,         J 

CAMDEN  HORIZONT.\L.6 


12. . . . 

1    10.3 

18.... 

!    26  3 

1 1 

21....! 28.7 

24. . . . 

45.9 

27 

1    61.3 

30 

73. 4 

33.... 

83.4 

36 

'   102.5 

401 
1,043 
1,149 
1,805 
2,418 
2,886 
3,286  I 
4,007  I 


327 
280 
245 
218 
195 
177 
163 


0.161 
.413 
.448 
.716 
.956 
1.145  , 
1.301 
1.599 


1.672 
4.349 
4.791 
7.527  ; 
10.083  I 
12.035 
13.702 
16.709 


122.2 
81.8 
70.0 
6L2 
54.5 
48.8 
44.2 
40.8 


I 
30  . 
78'. 
86    . 

135    . 

181    . 

216    . 

246    . 

300    . 


*  Made  by  E.  D.  Jones  <&  Sons  Company,  Pittsfteld.  Mass.  This  turbine  has  a  small  number  of 
large  gates  pivoted  near  the  circumference  of  the  wheel.  A  short  outrigger  from  each  cate  is  con- 
nected to  the  turbine  axis  by  a  linkage,  by  means  of  which  the  gates  are  opened  and  closed.  The 
later  type  of  Crocker  turbine  has  double  curved  buckets  with  ladle-shaped  outlets  protruding  below 
and  outside  of  the  inlet  ring. 

f>  See  footnote  on  following  page. 
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Rating  iableafor  pivoir^aU  turbines — Continued. 
CAMDEN  VERTICAL. « 


13.. 
U.. 
5I-- 
20.. 
234. 
30.. 
36.. 
42.. 
48.. 
54.. 
60.. 


! 

Diame- 
ter of 
nmner 

in 
inches. 

Listed  style 
or  number. 

Hanutacturer's  rating  (or 
a  bead  of  16  feet. 

Coefficients. 

Vent 

in 
square 
inches. 

Welglit 

in 
pounds. 

Power 

(-P). 

1 

12.... 

12. 14              481 

478 
277 
265 
236 

0.189 
.424 
.479 
.763 
.916 

1.166 

2.006       119.5             6 
4.512        69.2              8 

18 

27.17          1,082 
30.71          1,202 
48.93           1,924 

21 

5.012  I      66.2  j          11 

1 

24. . . . 

8.023        60.0,          13  1 ' 

27  .  . 

58.74  1        2,378          202 
74.74  1        2,925  1        183 
88.10  '         3.447            168 

9.916  .      50 ./>  '          1.^ 

30.... 

12- 107 

46.7  j          16 ' 

33.... 



1.374         14.374 

42.0            16   1 

36 

102.40 

4,007           156 
i>.  19A             1.^4 

1.507 
2.073 
3.060 
3.304 
4.797 

16.709 
21.667 
32.064 
34.536 
50.132 

39.0            16 

42 

132.87 

33.5            18 
29.0            19 
25.5  {          19 
23.7            21 

1 

48.... 

196.14,        7,694!        116 
211.79  1        8,282          102 
307.50  1       12.022             95 

54 

60 

' 

CAMDEN  STEEL  DOUBLE.a 


3.43 

133 

6.27 

240 

9.04 

347 

16.76 

642 

30.01 

1,140 

64.68 

2,471 

94.40 

3,606 

114.70 

4,382 

157.37 

6,011 

239.26 

9,150 

302.04 

11,544  j 

631 
478 
360 
275 
236 
183 
166 
134 
116 
102 
95 


0.054  I 

.098 

.141 

.261  I 

.469 

1.009  I 

1.473  I 

L789 

2.455 

3.735  ' 

4.712 


0.655 

1.001 

1.447 

2.667 

4.791 

10.304 

16.037 

18.273 

25.066 

38.156 

48.138 


157.7 
119.5 
90.0 
68.7 
50.0 
46.7 
39.0 
33.5 
29.0 
25.5 
23.7 


UNITED  8TATES.0 
[1903  list.] 


15 

1    ^J 

1, 154  i 
1,706 
2,330 
2,981 
3,855 
4,933 
5,960 
7,100 
8,322 
9,496  j 
10,888  , 
12,215 

375 
314 
269 
234 
209 
188 
171 
156 
144 
134 
124 
116 

0.435 
.643 
.878 
1.125 
1.454 
1.861 
2.248^ 
2.677 
3.139 
3.582 
4.007 
4.607 

4.812 

7.114 

9.716 

12.431 

16. 175 

20.571 

^      24.853 

29.607 

34.703 

39.598 

45.403 

50.937 

93.8 
78.5 
67.2 
58.5 
52.2 
47.0 
42.8 
39.0 
36.0 
33.5 
31.0 
29.0 

85 
126 
174 
220 
286 
368 
445 
524 
621 
710 
812 
904 

18. . . . 

41.2    1 

21 

56.3 



24 

72. 1     t 

27.... 

1        93.2    1 

30... 

119.3 

33.... 

144.1     1 

36.... 

!       171.6    ' 

30  ... 

201.2 

42.... 

229. 6 

45 

263.3    ' 

48  . 

295.3 

i 

•  Hade  by  Camden  Water  Wheel  Works,  Camden,  N.  Y.  The  Camden  turbine  is  built  with  either 
pivot  or  raster  gates.  The  buclcet  ring  is  deep  and  narrow.  The  vanes  are  slightly  ladlo-shaped 
at  bottom  and  broaden  below  lower  rim  band  0!  runner.  The  Camden  Horizontal  turbine  has  two 
similar  runners  mounted  on  a  horizontal  shaft  with  central  draft  tube.  The  rating  table  is  for  a 
single  runner.  In  the  Camden  Steel  Double  turbine  the  runner  comprises  a  central  dome  having 
an  upper  ring  of  central-discharge  buckets,  the  lower  ring  consisting  of  inward- and  downward-flow 
bQ(^ii.  The  Inlet  ports  to  the  latter  are  about  one-half  the  depth  of  the  frame.  The  buckets  are 
curved  axially  and  the  outlet  is  at  the  bottom.  The  inner  edge  of  the  buckets  is  attached  to  the  cen- 
tral drum.  The  United  States  turbine  is  a  later  type,  having  deep,  bulging  buckets  and  either  cylinder 
or  pivot  gatoe.  Digitized  by  ^^JV^^^VIV^ 
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Rating  iabUi  for  pivoirgaU  turbines — Continued. 
COLE  DOMINION.* 


Diame- 
ter of 
runner 

In 
inches. 


12. 
15. 
18. 
21. 
24. 
27. 
30.. 
36.. 
42.. 
48.. 
54.. 
60.. 
66.. 
72.. 


Listed  style 
oriiumba*. 


Manufacturer's  rating  for 
a  head  of  16  feet. 


Dis- 
TT/^r.^    charge  in 

P^^*^-   i  feet  per 
i  minute. 


Revo- 
lutions 


8.11  j 
12.90 
17.80  I 
24.30  ' 
35  60 
42.00  I 
60.10  I 
68.00  ! 
102.00  1 
137.00  I 
174.00 
217.00  I 
271.00 
357.00 


I 


459 
367 
306 
265 
229 
204 
183 
153 
131 
114 
102 
91 
83 
76 


Coefficients. 


Dis- 


Power      ^^   '  Speed 
(=P).       ^Bf?^     (=N) 


Vent    ■  xe^-^ 
to      j  ^"^ 


0.126    '     114.7 


.201 

.278 

.379 

.556 

.655 

.782 

1.061 

1.501 

2.137 

2.714 

3.385 

4.321 

5.476 


91.7  i 

76.5 

66.2 

57.5 

51.0 

45.7 

38.2 

32.7 

28.5 

25.5 

22.7 

20.7 

19.0 


25 
40 
55 
75 
110 





130 

155 

210 

31  F» 

1 

425 
640 
660 
815 
965 

1 

( 

1 

BRADWAY.fc 
[19031i8t.J 


12.. 
15.. 
15.. 
18... 
20... 
24... 
27... 
30... 
36... 

.   Standard... 
.1  3-in.  bucket. 
.   5-ln.  bucket. 
.   Standard... 
.| do 

■1 "," ■ 

.i.....do 

'.do 

.'  12-ln.  bucket 
.   Standard... 

.,  Special 

.   Standard... 

•1 "o 

.    Special 

5.20 

9.40 

15.65 

22.79 

25.31 

30.38 

42.60 

50.29 

69.89 

89.09 

104.75 

118.20 

167.00 

200.00 

212 

365 

497 

895 

900 

1,120 

1,680 

1,930  ' 

2,600  \ 

3.000  ! 

3,790  ' 

4.650  I 

6,122  1 

7,632 

441 
344 
344 
276 
250 
208 
186 
166 
135 
135 
138 
124 
104 
104 

0.081  1 
.147 
.244 
.356  1 

.395, 
.474  ' 
.665  1 
.785  ' 

1.090  1 
*1.390  1 

1.634  ; 

1.844  1 

2.605  j 

3.120 

1 

0.884 

1.522 

2.072 

3.732 

3.763 

4.467 

6.588 

8.048 

10.842 

12.510 

15.804 

19.390 

25.528 

31.836 

110.2 
86.0 
86.0 
69.0 
56.2 
52.0 
46.5 
41.5 
33.8 

1 

f 





i 



36... 

33.8 
34.5 
31.0 
26.0 
26.0 

36... 

, 

42... 

1 

48... 

48... 

""■            1 

aMade  by  Vulcan  Iron  Works,  Oswego,  N.  Y.  A  shallow  wheel  having  inward  discharge  bucket*, 
which  curve,  but  do  not  bulge.  The  inner  end  of  each  of  the  pivoted  guides  is  attached  to  the  crown 
ring:  the  outward  ring  is  actuated  by  linkages  reaching  from  an  outside  gate  ring  to  the  ends  of  out- 
riggers  attached  to  the  guides. 

©Made  by  C.  P.  Brad  way  Machine  Works,  West  Stafford,  Conn.  The  runner  is  similar  to  that  of  the 
Swain.  The  gates  are  pivoted  near  the  outer  ends  and  open  two,  four,  or  six  guide  chutCMi  at  a  time  in 
successive  sections,  the  remainder  being  closed. 


Digitized  by  LjOOQIC 


POWER,   DISCHARGE,   AND   SPEED. 

Bating  tables  for  pivot^gate  turbines — Continued. 
HARTLEY  WATER-TIGHT.a 


111 


Ditme- 

Listed  style 
or  number. 

Manufacturer's  ratint;  for 
a  head  of  16  feet. 

CoefBcienU 

Vent 

in 
square 
inches. 

Weight 

In 
pounds. 

ttfOf 

nnmer 

•  inebct. 

Horse- 
power. 

Dis- 
charge ui 

cubic 
feet  per 
minute. 

Revo- 
lutions 

minute. 

Power 

(-P). 

Dis- 
charge 

Speed 

(-N). 

85.8 
85.8 
75.2 
75.2 
63.2 
63.2 
54.5 
54.5 
48.0 
48.0 
41.5 
41.5 
36.2 
36.2 
31.5 
31.5 
27.2 
27.2 
23.5 
23.5 
20.8 
18.2 
75.0 

63.8 
53.0 
42.5 
35.0 
32.0 
26.5 
26.5 

11..-. 

Standard... 

SpcciaL 

Standard... 

SpeclaL 

Standard... 

Special. 

Standard... 

Special. 

Standard... 

SpeclaL 

Standard... 

Special 

Standard . . . 

SpeclaL 

Standard... 

SpcciaL 

Standard... 

SpeciaL 

Standard... 

SpeclaL 

Standard... 

do 

1900  pat- 
tern. 





4.10 

laoo 
«.ao 

15.00 

laoo 

20.00 
15.00 
27.  €0 
20.00 
36.00 
27.00 
40.00 
36.00 
6a  00 
49.00 
9L00 
67.00 
9L00 
91.00 
118.09 
158.00 
192.00 
30.20 

42.25 
53.00 
82.40 

iiaoo 

169.00 
212.00 
140.00 

170 

414 

259 

596 

414 

805 

596 

1,125 

805 

1,492 

1,125 

2,018 

1,492 

2,-746 

2,018 

3,731 

2,746 

3,731 

3,731 

4.860 

6.510 

8,680 

1,310 

1,836 
2,280 
2,924 
5,140 
7,352 
9,500 
6,300 

343 
343 

300 
300 
253 
253 
218 
218 
192 
192 
166 
166 
145 
145 
126 
126 
109 
109 
9i 
94 
83 
73 
300 

255 
212 
170 
140 

128 
106 
106 

CANAI 

[1895  11 

432 
324 
2.'»9 
216 
173 
144 
123 
l(M 
104 
87 

0.064 

.156 

.098 

.234 

.156 

.312 

.234 

.421 

.312 

.562 

.421 

.764 

.562 

.936 

.764 

1.420 

1.045 

1.420 

1.420 

1.841 

2.465 

3.000 

0.471 

.658 
.827 
1.285 
1.841 
2.636 
3.307 
2.184 

0.709 
1.726 
1.080 
2.485 
1.726 
3.357 
2.485 
4.601 
3.357 
6.222 
4.691 
8.415 
6.222 
11.450 
8.415 
15.558 
11.450 
15.558 
15.558 
20.266 
27.147 
36.196 
5.463 

7.664 
9.508 
12.193 
21.434 
30.658 
39.615 
26.271 

1 

14.... 

M.... 

».... 

19.... 

i  a.... 

1 

22.... 

1 

22.... 

1 

,  25.. 

1 

2S.... 

'  2».... 

9.... 

' 

a.... 

' 

a.... 

38.... 

'  «8.... 

44.... 

44.... 

1 

a...- 

51.... 



a.... 

«8.... 

11... 

! 

21.... 

24.... 

30.. 

a.... 

, 

c... 

1 

48.... 

No.  1 

Np.2 

48.... 

1 

)A.6 

St.] 

0.092 

.165 

.2,>5 

.376 

..'i54 

.827 

1.148 

1.6-20 

1.620 

2.660 

12.... 

5.88 
10.60 
16.32 
24.10 
36.14 
53.02 
73.60 
103.83 
103.83 
170.53 

232 

419 

546 

954 

1,431 

.    2.099 

2,914 

4,111 

4,111 

6, 752 

0.967 
1.747 
2.694 
3.978 
5.967 
8.753 
12. 151 
17. 143 
17.143 
28.156 

lOS.O 
81.0 
64.7 
M.Q 
43  2 
36.0 
30.7 
26.0 
26.0 
21.7 

17 
31 
47 
71 
108 
159 
218 
304 
304 
494 

W.... 

20.... 

34.... 

».... 

a.. 

42.... 

30....' 

»....!. 

•0....I  :\. ..  ■■;'* 

"Mideby  William  Hartley  &  Sons.  Bartley.  \.  .J  The  runner  resembles  that  of  the  Swain.  The  flow 
"toward  and  downward.  The  buckets  do  hot  protrude  below  lower  rim  band  of  runner.  The  runner 
*pbe lifted  vertically  from  ca.se.  The  pates  cf>nsist  of  senucircular  colurans,  whicli  are  pivoted  in  a 
''jy  in  the  guide  chutes  and  which  turn  half  round,  cutting  off  the  euide  opening. 
JJwdebv  Reading  Foundry  Company.  Readini;,  Pa.  This  turbine  has  inward  and  downward  flow. 
P^wdtws  are  curved,  but  are  not  buleinp.  The  gates  are  few  in  nmuber.  are  pivoted  near  their  inner 
^ttd  are  actuated  by  a  gate  ring  surmounting  the  dome  of  the  turbine.       uigitized  by  ^<jkjvjw  iv^ 
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Rating  tables  for  pivot-gate  turbinea — Continued. 
ELMER  WATER  WHEEL.* 


Diame- 
ter of 
ninqer 

in 
incbes. 

Listed  style 
or  number. 

Manufacturer's  rating  for  '              rn«fRH«.ntii 
a  head  of  1«  feet.                        Coefficients. 

Vent 

in 
square 
inches. 

Weight 

in 
pounds. 

Horse- 
power. 

J"!jf;   raiS^te. 
minute. 

Power 
(-PJ. 

Dis- 
charge 
(-F). 

Speed 

10.... 

6.02 

240 

548 

0.094 

1.001 

137.0 
109.5 
91.5 

!              1 

12.5.. 

9.37             374 

438            .146          1.560 
366  !          .219          2.335 
319  ^          .297          3.109 
273  ;          .392          4.174 
944   :            .401   '         .t).220 

15.... 

14.06 

560 

760 

1.001 

17. 5. . 

19.07 
25.11 

79.7 
68.2 

20.... 

22.5.. 

31.46  '        1.254 

61.0 
52.2 
45.5 
30.7 

25.... 

37.48 
56.24 
76.28 
100.44 
125.84 
149.92 

1,506  >         200              .585  1         6.28D 

30.... 

2,2M 
3,040 
4,004 
4,916 

182             .877  1        9.191 
159          1.190  '      12.677 

35 

* 

40 

137          1.567         16.697  '      34.2 

i 

45.... 

122            1.063  :       20.500         30.5 

50... 

6,024  1         100            2.320          25.120  ,       27.2 

65 

193.01 
224.26 
262.19 

7,712 
8,960 

98          3.011         32.159 
02            3.408          37.363 

24.5 
23.0 
21.5 

1 

60.... 

( 

65... .1 

10,413              86            4.000  !       43.422 

1 

1 

EUREKA  IMPROVED-^ 


9.. 
12.. 
15., 
18., 
21., 
24. 
27. 
30., 
36. 
40., 
48., 
64., 
60.. 
66. 
72., 
84., 


4.82 

6.79 

10.62 

13.20 

18.34 

26.41 

31.18 

42.18 

55.01 

66.00 

79.69 

107. 10 

140.66 

183.39 

214.02 

324.00 


182 

281 

440 

546 

759 

1,092 

1,289 

1,744 

2,276 

2,730 

3,292 

4,430 

5,818 

7,58.5 

8,852 

13.370 


507.0 

0.075  ' 

472.0 

.106  • 

'    384.0 

.166 

319.0  1 

.206 

214.0 
240.0 
213.0 
192.0 
159.0 
144.0 
120.0 
106.0 
96.0 
87.0 
76.0 
65.6 


.286 

.412 

.486 

.658 

.858 

1.030 

1.242 

1.671 

2.194 

2.816 

3.342 

5.054 


0.759 

1.172 

1.835 

2.277 

3.165 

4.554 

6.375 

7.272 

9.491 

11.384 

13.728 

18.473 

24.261 

31.629 

36.913 

55.753 


126.8  ' 
118.0 
96.0  1 
70.8  I 
53.5  j 
60.0 
53.2  ' 
48.0 
39.7  I 
36.0  ' 
30.0  I 
26.5 
24.0 
21.7 
19.0 
16.4 


5 
14 
21 
33 
41 
57 
82 
97 
131 
170 
204  I 
246  I 
334  , 
437 
56Y  j 
662  I 
1,000  i 


353 

581 
775 
1,070 
1,770 
2,230 
2,400 
3,430 
4,022 
6,000 
8,600 
9,000 
12,220 
15,500 
18,000 


a  Made  by  Valley  Iron  Works  Manufacturing  Company.  Appleton,  Wis  A  pivot-gate  turbine,  with 
outer  ends  of  gates  pivoted  in  Irame.  and  inner  ends  moved  by  a  gate  ring.  The  buckets  are  curved  along 
line  of  radius  and  nave  ladle-shaped  outlets,  not  protruding  much  below  lower  bond  of  runner.  The 
wheel  IS  of  medium  depth 

f>  Made  by  Ailentown  Foundry  and  Machine  Worlcs,  Allentown,  Pa.  This  turbine  has  an  Inside 
ring,  similar  to  a  register  gate,  to  which  the  inner  ends  of  the  guides  are  pivoted.  The  outer  ends  slide 
on  ways  m  the  fixed  outside  guide  ring.    A  very  deep  wheel. 
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Bating  taklufcr  pivoi-gate  turinnes — Continued. 

SMITH  IMPROVED  SUOCESS.a 
(18W  list.] 


DiAiDe-1 
terof  ' 

ranner 
in 

liocbes. 


lasted  style 
or  nomber. 


MAnufscturer's  rating  for  t 
ft  head  of  16  feet.' 


CoelBcients. 


Power 

(-P). 


I 


10....1 
10.... 

llj... 
llj... 

13.... 

a.... 

15.... 
15... 
W....J 

18... .| 

a.... 

21.... 

».... 

24.. ..j 
27.. .J 
27.... 
30.... 
30.... 
33.... 
33.... 
36.... 
36.... 
3».... 
3».... 
42... 
42.... 
48.... 
48.... 
54.... 
54.... 
flO.... 


L 


flO.. 
66. . 
66.. 
72., 
72... .j  No.  1- 


No.2 

No.  I 

No.  2 

No.l 

No.  2 

No.  1 

No.2 

No.  1 

No.2 

No.l 

No.2 

No.  I 

No.2 

No.l 

No.2 

No.l 

No.2 

No.  1 

No.2 

No.l 

Na2 

No.l 

Na2 

No.l 

No.2 

No.l 

No.2 

No.l 

No.2 

No.  1.: 

No.2 

No.  1 

No.2 

No.  1 

No.2 


I 


5.3 
3.5 

7.5 

4.9 

9.6 

6.4 

13.2 

8.8 

19.0 

12.5 

26.1 

17.3 

32.8 

21.9 

43.6 

29.0 

54.2 

36.1 

65.2 

43.6 

75.9 

50.7 

96.3 

64.6 

116.6 

77.8 

150.4 

100.8 

187.2 

124.8 

235.2 

156.8 

292.8 

195.2 

345.6 

230.4 


230  i 
147  ' 
311 
207  I 
401 
267 
548 
367 
788  ' 
528 
1,062 
721 
1,363 
909 
1,814 
1,208  , 
2,246  ! 
1,497 
2,700  I 
1.804  I 
3,141 
2,099 
3,984  I 
2,674 
4,826  ' 
3,222  j 
6,297 
4,198  . 
7,761 
5,174 
9,766 
6,511 
12,153 
8,102 
14,319 
9,546 


515  I 

515  I 

448 

448  ^ 

397  ' 

397 

344 

344 

286 

286 

245 

245 

215 

215 

191 

191 

172 

172 

157 

157 

142 

142 

132 

132 

123' 

123 

106  ! 

106  I 

95  i 

95 

86 

86 

''! 

78  I 
72  I 
72 


0.063  I 

.065  I 

.117 

.076  I 

.150  I 

.996 

.206  I 

.137 

.296 

.195  I 

.407 

.270 

.512 

.342 

.680 

.452 

2.846 

.563 

1.017 

.680 

1.184 

.791 

1.502 

1.008 

1.819 

1.214 

2.346 

1.572 

2.920 

1.947 

3.670 

2.446 

4.568 

3.045 

5.391 

3.594 


Dis- 
chftrge 

(-FT. 


0.917 

.613 

1.297 

.863 

1.672 

1.113 

2.285 

1.530 

3.286 

2.202 

4.512 

3.006 

5.684 

3.790 

7.564 

5.016 

9.366 

6.242 

11.259 

7.523 

13.098 

8.753 

16.613 

11.150 

20.124 

13.436 

26.258 

17.506 

32.363 

21.576 

40.724 

27.151 

50.678 

33.785 

59.710 

39.807 


Speed 

(-N). 


Vent 

in 
square 
inches. 


Weight 

in 
pounds. 


128.0 

16.5 

128.0  1      11.0 
112.0  !      23. .1 

112.0 

15.5 
30.0 
20.0 
41.0 

99.0 

99.0 

86.0 

86.0 

27.5* 
59.0 
3D.  5 

71.5 

71.5 

61.2        81.0 

61.2        54.0 

53.7       102.0 

63.7        68.0 

47.7       135.0 
47.7         90.0 



43.0 

168.0 
112.0 
202.0 
135.0 
235.0 
157.0 
298.0 
200.0 
.lAI.O 

43.0 
39.2 

39.2 

35.5 

35.5 

33.0 

33.0 

30.7 

30.7       241.0 

26.5 

471.0 
314.0 

26.5 

23.7 

23.7       387.0 
21.5       730.0 

21.5       487.0 

19  5  •    909.0 

19.5       606.0 

18.0   1,071.0 

18.0  '    714.0 

•Hade  by  8.  Morgan  Smith  Company,  Yorlc,  Pa.  The  Improved  Success  was  built  with  two  deoths 
w  bucket  for  each  diameter,  thus  giving  two  capacities  both  with  same  speed.  These  were  termed  No.  1 
•nd  No.2  reepectivelv.  The  New  Success  is  a  later  type  of  wheel.  The  Smith  Success  turbines  hare 
^jtoi  pivoted  near  tneir  inner  ends  to  the  turbine  case.  The  gates  are  opened  and  closed  by  pins  on  a 
■^ing  ring  near  the  outer  circumference  of  the  case.  The  buckets  are  double  curved,  but  do  not  pro- 
J*t  Mbwiower  ring  of  runner,  which  is  of  same  diameter  at  bottom  and  top  and  may  be  lifted  out  of 
•heel  case  vertlcaUy. 
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Rating  table  for  pivot-gate  turbines — Continued. 

SMITH  NEW  SUCCESS.a 

[1896  ll8t.1 


I  Diame- 
ter of 
I  runner 

in 
inches. 


Listed  Btyle 
or  number. 


Manufacturer's  rating  for 
a  head  of  16  feet. 


Horse- 
power. 


9 

12...J 

,5..J 

18 ' 

21 

24.... 

27 

30 

33.... 

36.... 

..    .    . 

39 

42 

46.:.. 

48 

51.. ..1 

54....I 

57.. ..1  -    -  - 

60 

66.... 

72.... 

84 

8.5 

14.9 

23.7 

34.7 

49.1 

64.8 

82.1 

99.0 

121.5 

139.0 

163.5 

200.7 

213.7 

241.1 

274.6 

323.3 

2.7 

470.1 

568.9 

716.0 

975.1 


chai 


?ur"h"5? 

'^tP?^  mmute. 
minute,  i*"*"""^- 


354  I 

615  I 

982 

1,437 

2,033 

2,^84 

3,399 

4,096 

5,025 

6,752 

6,762 

8,304 

8,842 

9,975 

11,357 

13,372 

15.022 

19,447 

23,530 

29,614 

40,323 


684 

437 

350 

282 

269 

222 

207 

183 

159 

156 

134 

132 

119 

114  I 

108  I 

100 

97 

90 

82l 

64 


Coefficients. 


Power 


0.132 

.232 

.360 

.541 

.766 

1.011 

1.281 

1.544 

1.895 

2.168 

2.556 

3.131 

3.324 

3.761 

4.284 

5.043 

5.658 

7.334 

8.875 

11.170 

15.210 


Dls- 
charro 


1. 

2. 

4. 

5. 

8. 
11 
14, 
17. 
20. 
23. 
28. 
34. 
36. 
41. 
47. 
55 
62. 
81. 
98. 
123. 
168. 


Speed 

(-N). 


V«t      weight 
S--    pounds. 


146.0 
109.2 
87.5 
70.5 
67.2 
55.5 
51.7 
45.7 
39.7 
39.0 
33.5 
33.0 
20.7 
28.5 
27.0 
25.0 
24.2 
22.5 
20.5 
18.5 
16.0 


AMERICAN-^ 


13. . . . 

5.30 

8.00 

12.28 

19.67 

28.43 

46.48 

61.44 

79.10 

119. 13 

155.89 

195.44 

245.87 

328.08 

219 

332 

508 

813 

1,176 

1,924 

2,540 

3,271 

4,927 

6,448 

8,083 

10, 170 

13,569 

378 
296 
244 
195 
163 
136 
117 
102 
91 
82 
74 
65 
58 

0.083 

.125 

.102 

.307 

.443 

.725 

.958 

1.234 

1.856 

2.434 

3.042 

3.838 

5.117 

0.913 
1.384 
2.118 
3.390 
4.904 
8.023 
10.502 
13.640 
20.546 
26.888 
33.706' 
42.400 
56.583 

04.5 
74.0 
61.0 
48.8 
40.8 
34.0 

16J... 

20.... 

25 

30 

1 

36.... 

42. . . . 

20.5 
25.5 

48.... 

1 

64 

22.8 
20.5 
18.5 
16.3 
14.5 

1 

60.... 

66 

75 

84.... 

] 

1 

o  See  footnote  on  preceding  page. 

5  Made  by  the  Dayton  Qlobe  Iron  Works  Company,  Dayton,  Ohio.  The  American  and  New  Ameri- 
can turbines  have  runners  of  progressively  increasing  depth  and  capacity.  The  earlier  types  resemble 
the  Swain:  the  later  types  resemble  the  McCormlclc.  The  gates  comprise  a  fixed  guide,  forming  the 
front  wall  of  the  chute,  and  a  pivoted  guide,  forming  the  back  wail.  By  swinging  the  latter,  by  means 
of  a  Unlcage  device,  the  inlet  is  decreased  or  increased  in  size. 
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NEW  AMERICAN  o 

[1802  list.] 


115 


13.. 
16.. 
19.. 
22.. 
25.. 
27i. 
30.. 


Diame- 

Listed style 
or  number. 

Manufacturer's  rating  for 
a  head  of  16  feet. 

CoefBcients. 

Vent 

in 
square 
inches. 

Weight 

in 
pounds. 

ter  ol 
nmner 

in 
inches. 

Horse- 
power. 

Dis- 
charge in 

cubic 
feet  per 
minute. 

Revo- 
lutions 

muMite. 

Power 

Dis- 
charge 

Speed 

«.... 

, 

3.2 
5.5 
8.1 

134 

227 

334 

506 

908 

1,216 

1,482 

r,616 

2,616 

3,369 

5,074 

5,864 

8.622 

818 
614 
490 
378 
306 
258 
222 
195 
163 
136 
117 
102 
91 
82 
74 
222 
206 
136 
114 
99 

0.05    ;        0.550 
.086            .946 
.126          1.303 
. 173           2. 118 
.354           -^.786 

204.5 
153.5 
122.5 
94.5 
76.5 

10 
17 
25 
38 
67 
91 
111 
121 
195 
252 
300 
439 
645 
839 
1,076 
124 
180 
328 
523 
737 

8 

10.... 1 

13.. ..1 

11  1 

16.... 22.7 

19. . .                                      29. 4 

.450 

.558 

.608 

.986 

1.271 

1.914 

2.212 

3.256 

4.230 

5.421 

.624 

.908 

1.647 

2.634 

3.716 

5.071 

22 .     1          .^•>.R 

6.180        55.5 
6.739         48.7 
10.909         40.7 

1 

25.... 

39.0 
ai.2 

1 

30 

1 

36....                            1          81.5 

14.049 
21.158 
24.453 
35.954 
46.771 
59.956 
6.910 
10.033 
18.273 
29.144 
41.037 

34.0 
29.2 
25.5 
22.7 
20.5 
18.5 
55.5 
51.2 
34.0 
28.5 
24.75 

1 

42 1 122. 7 

I 

48... .1 

141.8 
208.5 

«.... 

60.... 

271.1         11,216 

347.5  14,378 
40.0  1        1,657 
58.2  :        2,406 

105.6  '        4,382 
109.0  '         6.9RQ 

66.... 

22 

Special 

do 

25.... 

36....; do 

45.... 

do 

54.. 

do 

238.2 

9,841 

NEW  AMERICAN.a 
[1895  list.] 


41.1 
53.7  ' 
58.2 
87.3  j 
99.5  I 

126.7  I 
144.9 
173.0  I 
207.4 
207.5  I 
234.0 

285.8  ' 

329.9  I 
357.0 
399.6 


711 

1,153 

1.702 

2,227 

2,406 

3,609 

4,120 

5,260  j 

5,9W 

7,156 

8,582  I 

8,683  I 

9,679 

11,809 

13,630  I 

14,771  ' 

16,535  I 


397 
321 
271 
234 


171 
156 
143 
131 
123 
114 
107 
102 
97 
91 


0.260 

.449 

.641 

.838 

.908 

1.362 

1.552 

1.976 

2.260 

2.699 

3.235 

3.237 

3.650 

4.458 

5.146 

5.569 

6.234 


2.965 

99.2 

4.808 

80.2 

7.097 

67.7 

9.286 

58.5 

10.033 

51.5 

15.050 

46.5 

17.180 

42.7 

21.934 

39.0 

24.995 

35.7 

29.840 

32.7 

35.787 

30.7 

36.208 

28.5 

40.361 

26.7 

49.244 

2.5.5 

56.837 

24.2 

61.505 

22.7 

68.951 

21.5 

a  See  footnote  (6)  on  preceding  page. 
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Rating  tobies  for  pivot-gate  turbines — Continued. 

NEW  AMERICAN.** 

[1901  list.] 


Diame- 
ter of 
runner 

in 
inches. 

lasted  style 
or  number. 

Manufacturer's  rating  for 
a  head  of  16  feet. 

Coefficients. 

t 

1 
Vent 

in 
square 
inches. 

Weight 

in 
pounds. 

Horse- 
power. 

11.3 

17.2 

28.8 

41.1 

53.7 

67.5 

87.3 

105.4 

126.7 

159.5 

173.0 

193.6 

232.4 

267.4 

285.8 

336.6 

367.7 

427.5 

610.6 

3.2 

5.5 

62.0 

116.4 

Dis- 
charge in 

cubic 
feet  per 
minute. 

Revo- 
lutions 

minute. 

490 

Power 

(-P). 

Dis- 
charge 

Speed 

(-N). 

122.5 
99.2 
80.2 

10 

467 

0.176 
.268 

1.947 
2.965 

7M 

13. . . . 

711          397 
1, 153          321 
1,702          271 
2,227  !        234 
2,790          206 
3,609           186 
4,367  1        171 
5,260           156 
6,593           143 
7,156           131 

'    1 

1,000 

16....' 

.449           4.808 

1      i..«Lsn   1 

19.. ..1 

.641 

.838 

1.053 

1.362 

1.644 

1.976 

2.488 

2.699 

3.020 

3.625 

4.171 

4.458 

5.249 

5.736 

6.669 

9.525 

.050 

.086 

.967 

1.816 

7.097 
9.286 
11.634 
15.050 
18.210 
21.934 

67.7  i 1       1,800 

22 

58.5    1      2,600 

51.5  1 3p200 

46.5  ' 1      4,000 

42.7  j --I       4.800    1 

25 

27i 

30 

33.. ..1 

39.0 

1      6,000 

36....! 

27.493         35.7 
29.840        32.7 
33.389  1      30.7 
40.553         28.5 
46.124  1      26.7 
49.244  1      25.5 
57.971  !      23.7 
63.442        22.7 

7.500    1 

39 

1 
8.500 

42 

8,007 
9,725 
11,061 
11,809 
13,902 
15,214 
17.692 
25,254 
134 
227 
2,566 
4,812 

123 
114 
107 
102 
95 
91 
88 
75 
818 
614 
143 
114 

9,300    1 
10,000    j 
11,500 
14,600    1 

45.... 

48.... 

51 

54 

17,500    1 

57. . . . 

20,000 

60.... 

73.776 

22.0 

22,500 

72.. 

105.309        18.7 

.550  '    204.5 

.946  1     153.6 

10.700        35.7 

I 

6.... 

8.... 
36".. 
45.... 

(6) 

1 

20.066 

28.5 

1 

1 

POOLE  A  HUNT  LEFFEL  TURBINE.* 


7|...  1 

7|...; 

10or8}|  1 

10....] 

13i...|  1 

15K.J 

17i...' 

20....' 

23....; 

26J...; 

30J...I 

^- -i 

40 

44....! 

*'■■■] 

52....' 

^     -I 

66.. ..| 


1.79 

2.42 

3.05 

4.13 

5.38 

7.18 

9.33 

12.20 

10.15 

21.54 

28.00 

37.33  I 

49.17  I 

64.61  I 

75.30  I 

93.32  I 

121.32  I 

158.28 

186.64  I 

236.00 


I 


67 

90 

114 

154 

201 

267 

34c 

455 

602 

802 

1,043  ! 

1,390 

1,831 

2,406 

2,209 

3,475 

4,518 

5,853 

6,950 

8,661 


723 

723 

551 

551 

416 

416 

362 

315 

276 

240 

208 

181 

158  I 

138  . 

126 

m 

110  I 
99 
90 

81  I 


0.028 
.038 
.048 
.064  I 
.084  I 
.112 
.145* 
.190  ' 
.252  j 
.336  ! 

.437     ; 

.582 
.767  j 
1.008 
1.175 
1.456  I 
1.893 
2.460  ! 
2.912 
3.682 


0.279 

.375 

.475 

.642 

.838 

1.113 

1.451 

1.897 

2.510 

3.344 

4.349 

5.796 

7.635 

10.033 

9.212 

14.491 

18.840 

24.407 

28.982 

36.116 


180.7 
180.7 
137.7 
137.7 
104.0 
104.0 
90.5 
78.7 
09.0 
60.0 
52.0 
45.2 
39.5 
34.5 
31.6 
28.7 
27.6 
24.7 
22.6 
20.2 


I 


o  See  footnote  (6)  on  page  114. 

f>  Reduced  discharge. 

cMade  by  Poole  &  Hunt,  Baltimore, 


Md.    See  footndl^^^ 
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Rating  tables  for  pivot-gate  turbines — Continued. 
TRUMP  MODEL  TURBINE.* 


Diame-j 

terof 

ronner 

in 


!  Manufacturer's  rating  for 
a  head  of  16  feet. 


Coefficieiits. 


Listed  style 
or  number. 


Horse- 
power. 


Dis- 
charge in 

cubic 
I  feet  per 
'  minute. 


14. ...1 

1 
17 

20 

«....!.. . 

»...} 

30 

35.... 

40.... 

44 

4fi.... 

52.... 

66.... 

61 

66... .1 

23.90 
41.8 
58.3 
77.4 
100.0 
131.0 
179.6 
232.8 
282.3 
335.7 
391.0 
457.9 
544.2 
635.2 


1,724 
2,406 
3,195 
4,131 
5,428 
7,407 
9,606 
11,645 
13,851 
16,257 
18,865 
22,401 
26,205 


Revo-  I 

lutions 

per    I 

mmute. 


317 
260 
234 

204| 

177  ; 

154  I 
i34  i 
12.! 
112 
103 
96 
88^ 
82' 


Po^cr       n^fJ^A      Speed 

(-P).        ^^^   '  (-N). 


Vent 


square 
inches. 


Weight 

in 
pounds. 


0.373 
.652 
.900 
1.207 
1.560 
2.044 
2.800 
3.632 
4.404 
5.237 
6.146 
7.134 
8.489 
9.909 


4. 

7. 
10. 
13. 
17. 
22. 
30. 
40. 
48. 
57. 
67. 
78. 
93. 
109. 


96.2 
79.2 
67.2  |. 
58.5  '. 


51.0 

44.2 

38.5 

33.5 

30.2 

28 

25.7 

24 

22 

20.6 


I 


LEFFEL  (OLD  TYPE.)* 
[1892  list.] 


10... 
UJ.. 
131.. 
15i.. 
17|.. 
30... 
23... 
25*.. 
30|.. 
35... 
40... 
44... 
48... 
56... 
61... 
66... 
74... 
20... 
23... 
26|.. 
30i.. 
35... 
40... 
44... 
50... 
56... 
61... 
66... 
74... 


Standard 

....do..., 

...do.... 

do.... 

do.... 

do-... 

....do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

Special . . . 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 


4.13 
5.38 
7.25 
9.38 

12.25 

16 

21.60 

28 

37.38 

40 

64.50 

75 

93 
158 
187 
224 
273 

23.25 

31.13 

40.50 

54.25 

71 

93 
109 
144 
183 
217 
255 
306 


163 

213 

286 

370 

484 

632 

849 

1,106 

1,476 

1,935 

2,547 

2,962 

3,670 

6,241 

7,386 

8,848 

10,783 

916 

1,229 

1,600 

2,143 

2,801 

3,672 

4,3a5 

5,688 

7,228 

8,571 

10,072 

12,087 


551 

479 

416 

362 

315 

276 

240 

208 

181 

158 

138 

126 

113 

99 

90 

82 

74 

276 

240 

208 

181 

158 

138 

126 

113 

99 

90 

82 

74 


0.064 

0.6*) 

.888 

1.193 

1.543 

2.018 

2.635 

3.540 

4.612 

6.155 

8.069 

10.621 

13.186 

15.304 

26.025 

30.800 

36.896 

44.965 

3.820 

5.125 

6.672 

8936 

11.693 

15.312 

17.952 

23.719 

30.141 

35.741 

42.000 

50.403 

137.8 
119.8 

1 

.084 

1 

.113 

104 
90.5 
78.8 
69 

.146 

.191 

, 

.249 

.335 

60 

52 

45.3 

39.5 

34.5 

31.5 

.437 

.583 

.764 

1.006 

1.170 

1.451 

28.3 

24.8 

22.5 

20.5 

18.5 

69 

60 

52 

46.3 

39.5 

34.5 

2.465 

2.917 

3.4&1 



4.259 

.363 

.486 

.632 

.850 



1.108 

1.451 

1.700 

31  5 
28.3 
24.8 
22.5 
20.5 

2.246 

2.855 

3.385 

3.971 

4.774 

18.5 

aMade  by  the  Trump  Manufacturing  Company,  Springfield,  Ohio.  This  wheel  has  pivot  gates  similar 
to  the  LefTel  turbines.  The  inlet  portion  of  the  runner  is  a  frustum  of  a  cone,  so  that  the  water  has  an 
inward  and  downward  direction  as  it  enters  the  wheel. 

»8ee  footnote  (o)  on  following  page.  uigitzed  by  \jkj^wi\^ 
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LEFFEL  (NEW  TYPE).a 

[1900  Ust.] 


Diame- 
ter of 
runner 

in 
inches. 


I  Manufacturer's  rating  for 
I  a  head  of  16  feet. 


Listed  style 
or  number.  I 


10.. 
lU. 
13i. 
15}. 
17J. 
20.. 
23.. 
26J. 
30i. 


40  • 
44.. 
48.. 
56.. 
61.. 
66.. 
74.. 
20.. 
23.. 
26i. 
30§. 
35.. 
40.. 
41.. 
50.. 
56.. 
61ft. 
66.. 
74.. 


Standard . 
....do.... 

do.... 

do.... 

do.... 

do.... 

....do.... 

do.... 

do.... 

do.... 

....do.... 

do.... 

do.... 

do.... 

....do.... 
....do.... 
....do.... 
Special .  . . 
....do.,.. 

do.... 

....do.... 
....do.... 
....do.... 
....do.... 
....do.... 
....do.... 

do.... 

....do.... 
....do.... 


Horse- 
power. 


3.70 
4.9 
6.5 
8.4 
11.00 
14.9 
19.4 
25.25 
33.61 
44.3 
58.2 
67.75 
84.1 

142 

168 

202 

247 
21.13 
28.25 
36.8 
49.3 
64.4 
84.4 
98.9 

131 

166 
81.7 
98 

118 


Dis-      i 


Revo- 


I 


53  , 

201 

267  ' 

348  , 

455 

602 

802 

1,043 

1,390 

1,831 

2,406 

2,800 

3,475 

5,858 

6,950 

8,340 

10,222 

870 

1,168 

1,520 

2,036 

2,664 

3,488 

4,090 

5,404 

6,867 

6,004 

7,205 

8,672 


535 
463 
404 
351 
306 
268 
233 
202 
176 
153 
134 
122 
110 
96 
-  87 
80 
72 
268 
233 
202 
176 
153 
134 
122 
110 
96 
66 
56 
54 


Coefficients. 


Power 

(-P). 


(-F).      <=^^- 


0.058 

.076 

.101  I 

.131  I 

.172 

.232 

.303 

.393 

.524 

.691 

.908 

1.058 

1.312 

2.215 

2.621 

3.151 

3.853 

.329 

.440 

.574 

.769 

1.005 

1.317 

1.543 

2.014 

2.590 

3.023 

3.626 

4.366 


1.113 

1.451 

1.897 

2.510 

3.344 

4.339 

5.796 

7.635 

10.033 

11.676 

14.490 

24.428 

28.982 

34.778 

42.623 

3.628 

4.871 

6.338 

8.490 

11.069 

14.545 

17.055 

22.535 

28.635 

33.355 

39.913 

48.108 


Vent 
in 


Wei0it 
m 


133.8 
115.8 
101.0 
87.8 
76.5 
67 
58.2 
50.5 
44 
38.2 
33.5 
30.5 
27.5 
24 
21.8 
20 
18 
67 
58.2 
50.5 
44 
38.2 
33.5 
30.5 


27.5 

24 

22 

18.7 

18 

a  Made  by  James  Leflel  &  Co.,  Springfield,  Ohio.  The  Leffel  double  turbine  has  two  independent  arts 
of  buclcets,  one  an  Inward  and  downward,  the  other  a  central  discharge.  Both  receive  water  from  U» 
same  set  of  guides  but  discharge  it  independently.  The  power  table  given  for  the  Poole  &  Hunt  Uffel 
(p.  116)  is  nearly  identical  with  those  issued  by  the  Leffel  Company  in  1879,  and  for  the  oorrespondin*: 
sizes  is  the  same  as  for  the  Trump  Leffel  (p.  117).  The  table  for  the  I^effel  of  1802  differs  slightly  froc 
the  preceding  but  agrees  substantially  with  that  in  the  1897  list  in  which  are  rated  new  sUee  of  wheels 
having  greater  capacity.    The  Samson  follows  with  further  increase  of  capacity. 

t>  At  9-foot  head. 
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Sating  tobies  for  pivot-gcUe  turhiTies — Continued. 

LEPPEL  IMPROVED  SAMSON.a 
[1807  and  1900  lists.] 


Diame- 
ter of 
.runner 

in 
inches. 

Listed  style 
ornomber. 

Manufacturer's  rating  for 
a  head  of  16  feet. 

Coefficients. 

Vent 

in 
square 
inches. 

Weight 

in 
pounds. 

Horse- 
power. 

Dis- 
charge 
in  cubic 
feet  per 
minute. 

Revo- 
lutions 

mimite. 

Power 
f=P). 

Pis- 

Speed 

20.-.. 

51.7 
68.3 
87.3 

116 

158 

207 

2,111 
2,792 
3,569 
4,751 
6,440 
8.446 

325 
283 
250 
217 
186 
163 
145 
130 
116 
105 
96 
88 
373 
373 
373 
372 
372 

0.806 

1.066 

1.362 

1.810 

2,465 

3.229 

4.087 

5.054 

6.318 

7,753 

9.313 

11.045 

.223 

.290 

.382 

.471 

.616 

8.803 
11.643 
14.883 
19.812 
26.855 
35.220 
44.573 
55.027 
69.030 
84.618 
101.786 
120.538 
2.423 
3.161 
4.162 
5.137 
6.714 

81.3 

23.... 

70.8 
62.5 
54.3 
46.5 
40.8 
36.3 
32.5 
29.0 
26.3 
24.0 
22.0 
93.2 
93.2 
93.2 
93.0 
93.0 

1 

28.... 

30.... 

35...- 

1 

40.... 

1 

t     45. . . . 

262            10,689 
324            13, 196 
405            16,554 
497      !      20,292 
597    '       24,409 
706            28,906 
14.3  '            581 
18.6              758 

50.... 

1 

1 

66.... 

, 

62...- 

68.... 

74.... 

17  E. 
17  D. 
17   C. 
17  B. 
17  A. 

24.5 
30.2 

996 
1-239 

39.5  1        1.610 

1 

1 

Rating  tables  for  cylinder-gate  turbines. 

ROCHESTER.^ 

[1873  list.] 


o  See  footnote  ia)  on  page  118. 

«» Formerly  made  by  Rochester  Turbine  Manufacturing  Company,  Rochester,  N.  Y.     The  buckets 
ynjtt  of  small  depth. 
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Rating  tables  for  q/Hnder-gate  turbiruM — C^mtinued. 
8WAIN.« 
[180711st.] 


Diame- 
ter of 
runner 

in 
inches. 

Listed  style 
or  number. 

Manufacturer's  rating  for 
a  head  of  10  feet. 

CoeffictenU. 

Vent 

in 
sqoara 
inches. 

1 

Horse- 
power. 

Dis- 
charge 
in  cubic 
feet  per 
nUnute. 

Revo- 
lutions 

mmute. 

Power 

(-P). 

Dis- 
ohame 

Speed 

(-N). 

Weigbt 

in 

pOODdlL 

12....; '      10-840 

430.8 

080.4 

1,444.2 

1,761.0 

2,366.0 

2,027.6 

4,210.0 

5,734.0 

7,400.4 

0,625.2 

11,010.6 

14,517.6 

17,605.8 

21,535.8 

441 
204 
240 
220 
104 
176 
147 
126 
110 
08 
88 
80 
74 
66 

0.160 
.380 
.555 

.676 
.000 
1.125 
1.618 
2.204 
2.882 
3.606 
4.577 
5.578 
6.765 
8.375 

0.031 
.060 

110.2 
73.5 

18 : 

24.300 
35.570 
43.370 

2ii... 

i 

.100         62-2 

24.... 

.122 
.164 
.303 
.283 
.306 

55.0 
48.5 
44.0 
36.8 
31. & 

27J... 

58.275 

30 

72.110 
103.720 
141.260 
184.720 
237.070 
203.380 
357.580 
433.650 
530.450 

36...- 

42.... 

48.... 

.531  1      27.5 
.485        24.5 

54.... 

60.... 

'.828        22.0 

66 

1.000 
1.234 
1.497 

20.0 
18.5 
16.5 

72.... 

«.... 

DOLAN'S  LITTLE  0IANT.6 
[1803  list.] 


;.•..!., 


10....' 
12 

23....; 

27.. .J 
31....| 
36....' 
40....' 

44 

40....' 
58 


4.11  I 

7.30  ' 

11.36 

17.37 

24.11  I 

20.78  j 

41.84  I 

54.94  I 

83.71  I 

05.72 

130.21  I 

157.25  I 

190.84  1 

239.27  I 

262.37  I 

64 310.17  j 

66 '   371.69 

72.. ..1 443.12  I 

80...., 528.21  I 


T 


160  I 
288 
442  ' 
655  I 
909 
1,123  I 
1,578 
2,072 
3,155 
3,610 
4,920 
6,150 
7,219 
9,024 
9,893 
11,698 
14,018 
16,712 
19,921 


750 
518 
414 
345 
283 
247 
214 
186 
160 
141 
130 
113 
104 
92 
82 
75 
70 
61 


0.064 

.115 

.177 

.271 

.376 

.464 

.653 

.857 

1.306 

1.403 

2.081 

2.453 

2.977 

3.733 

4.093 

4.839 

5.796 

6.913 

8.240 


0.667 

1.201 

1.843 

2.731 

3.700 

4.683 

6.580 

8.640 

18.156 

l«.n54 

20.516 

25.646 

3a  103 

37.630 

4L254  I 

48.781 

58.455 

60.680 

83.070 


230.5 
187.5 
129.5 
103.5 
86.5 
70.7 
61.7 
53.5 
46.5 
40.0 
35.2 
32.5 
28.2 
26.0 
33.0 
20.5 
18.7 
17.5 
15.2 


12.3 
23.0 
I      33.6  I 
I      49.0  I 
68.0 
84.0 
118.0  , 
155.0  ' 
236.0 
I    270.0  ' 
I    388.0  ' 
460.0  > 
540.0 
675.0 
j    740.0 

875.0  i 
1.066.0  i 
:1,2S0.0  I 
1,490.0  I 


378 

375 

48S 

660 

875 

1,250 

1.450 

1.6» 

3,200 

2,500 

3,000 

5,000 

5,700 

8,400 

9.500 

13,000 

15,000 

17,000 

30,000 


oMade  by  Swain  Turbine  and  Manufacturing  Company,  Lowell.  Mass.  This  was  one  of  the  Mrlivt 
turbines  of  the  American  type.  The  original  design  followed  the  Francis  oenter-vent  whed,  bat  tbt 
buclcets  were  curved  both  axlally  and  radially  and  extended  downward  from  inlet  ring.  Out^dACJ^ 
inder  gate. 

b  Made  by  Wm.  Dolan  &  Co.,  Logansport,  Ind.  Outside  cyUnder-gate  turbine  and  deep  bolfiDi 
buckets. 
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Rating  tablet  far  eylinder-gaU  hirbines — Cbntinued 
DOLAN'S  IMPROVED  LITTLE  OIANT.a 


^',  UWedij^e 
in       **'  number. 
iDcbes. 


I  Ifannfacturer'B  rating  for 
I         a  head  of  16  feet. 


Coefficients. 


1. 

4. 

8... 

7. 

ID... 

12. 

12 

19. 

IS 

25. 

IS 

30. 

ao 

43. 

a 

69. 

27... 

80. 

31... 

100. 

36... 

130. 

40... 

161 

44 

197. 

48.. .J 

241. 

54... 

1 

296. 

«... 

( 

364. 

m 

435. 

18... 

.  Special 

37. 

21... 

do 

51. 

24... 

.i do 

69. 

28... 

do 

91. 

32... 

do 

115. 

38... 

do 

146. 

42... 

•; do 

179. 

46... 

do 

222. 

m 

L      .do 

264. 

56... 

do 

346. 

62... 

do 

399. 

68... 

}o 

513. 

Horse- 
power. 


.13 

.70 

.18 

L54 

;.24 

L91 

69 

92 

16 

46 

11 

07 

79 

50 

58 

55 

33 

^09 

.50 

1.46 

.82 

1.48 

i.45 

1.96 

L09 

.70 

.23 

>.96 

.21 


Dls- 
chaige 
in  cubic 
feet  per 
minute. 


162 

289 

464 

723 

957 

1,168 

1,653 

2,259 

3,029 

3,925 

5,097 

6,297 

7,730 

9,538 

11,555 

14, 751 

17,616 

1,403 

1,952 

2.618 

3,469 

4,514 

5,739 

7,033 

8,672 

10,454 

13,495 

16,183 

20,766 


Revo- 
lutions 

mmute.i 


Power 

(-P). 


Dis- 
charge 


816 

618  \ 

490 

397 

345 

282 

246 

214 

187 

160 

141 

122 

112, 

104 

92| 

80 

77 
279 
243  I 
211  I 
184 
158 
138 
119 
110 
102 

91 

78 

75 


0.064 

.120 

.190 

.305 

.394 

.482 

.682 

.935 

1.250 

1.567 

2.030 

2.513 

3.085 

3.767 

4.611 

5.687 

6.791 

0.579 

.805 

1.084 

1.433 

1.801 

2.285 

2.807 

3.465 

4.129 

5.386 

6.239 

8.006 


Speed 

(-N). 


0.676 

1.205 

1.935 

3.015 

3.991 

4.871 

6.893 

9.420 

12.631 

16.367 

21.254 

26.258 

32.234 

39.773 

48.184 

61.512 

73.459 

5.850 

8.140 

10.917 

14.466 

18.823 

23.932  I 

29.328  ' 

36. 162  I 

43.593  I 
56.274  I 
67.483  ' 

86.594  I 


204.0 
154.5 
122.5 
99.2 
86.2 
70.5 
61.5 
53.5 
46.8 
40.0 
35.2 
30.5 
28.0 
26.0 
23.0 
20.0 
19.2 
69.7 
60.7 
52.7 
46.0 
39.5 
34.5 
29.7 
27.5 
25.5 
22.7 
19.5 
18.7 


Vent 
in 


Weight 
in 


square ;  pounds, 
inches. , 


12 

22 

35 

54 

72 

87 

124 

169 

225 

293 

380 

470 

584 

714 

866 

1,104 

1,322 


215 

306 

410 

615 

896 

1,260 

1,640 

2,170 

3,150 

3,600 

5,500 

7,100 

8,000 

9,200 

12,400 

17,000 

23,000 


,  «lUde  by  Wm.  Dolan  &  Co.,  Logansport,  Ind. 
raduts. 


Outside  cylinder-gate  turbine  and  deep  bulging 
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Rating  tables  for  cylinder-gate  turbines — Continued. 
HUNT  STANDARD,  NEW  PATTERN.o" 

[1897  list.] 


Diame- 
ter of 
runner 

in 
inches. 

Listed  style 
or  niiml>er. 

Manufacturer's  rating  for 
a  head  of  16  feet. 

Coefficients. 

Vent 

in 
square 
inches. 

Weight 

in 
pounds. 

Horse- 
power. 

Dis- 
ctiaige 
in  cubic 
feet  per 
minute. 

Revo- 
lutions 

minute. 

Power 
(-P). 

Dis- 
charge 

Speed 

(-N). 

9 

6.33 
9.41 
12.66 
18.99 
29.52 
41.25 
52.99 
66.15 
79.32 
97.15 
114.09 

254 
374 
508 
762 
1,189 
1,656 
2,124 
2.672 
3,180 
3,891 
4,609 
5,397 
6,176 
6,760 
7,348 
8,617 
9,886 
12,452 
13,828 
15,364 

516 
402 
402 
337 
276 
242 
209 
188 
166 
153 
139 
129 
118 
111 
103 
98 
92 
83 
76 
60 

0.099 
.147 
.197 
.296 

1.050 
1.560 
2.118 
3.178 

129.0 
100.5 
100.5 
82.2 
69.0 
60.5 
52.2 
47.0 
41.5 
38.2 
34.7 
32.2 
29.5 
27.7 
25.7 
24.5 
23.0 
20.7 
19.0 
17.2 

19 
28 
38 
57 

12.... 
12.... 
15.... 

No.2 

No.l 

1 

1 
18.. ..1 

.460  '        4.058 

1 

80   

21....' 

.644 
.827 
1.032 
1.237 
1.516 
1.794 

6.906 
8.857 
11.142 
13.261 
16.225 
10.220 

124    

24 

159    i 

27  .     1 

200 1 

30....I 

238                       i 

33....' 

292 

36  .   . 

345 
404 
462 
506 

1 

39.... 

134.54 

2.099  ;      22.505 
2.404         25.754 

*"l 

42 

45. ...1 

48.... 

154.08 
166.84 
178.68 
210. 74 
246.66 
310.66 
344.99 
383.32 

2.603 
2.787 

28.189 

550 
645 
740 

3.288         35.933 

3.848 
4.846 
5.382 
5.980 

41.224 
51.925 
57.663 
64.068 

60             

932 
1,035 
1,150 

66        1 

72.. ..1 

1 

HERCULES.^ 


9.... 

12....! 

15....' 

18.. ..1 

1          8.04 

i        13.84 

j        22.35 

'        31.19 

333 

573 

925 

1,291 

517 
388 
310 
259 

0.125 
.216 
.349 
.486 

1.389 
2.389 
3.857 
5.383 

129.2 
97.0 
77.5 
64.7 

24.8 
42.9 
69.2 
96.6 

21....' 

24.... 

43.92 

54.24 

1,818 
2,24.5 

222 
194 

!685 
.846 

7.581 
9.362 

55.5 
48.5 

136.0 
168.0 

27.. ..1 

30.... 

33....' 

72.33 

1        85.57 

108. 19 

2,994 
3,542 
4,478 

172 
155 
141 

1.130 
1.334 
1.688 

12.485 
14.770 
18.673 

43.0 
38.7 
36.2 

224.0 
265.0 
335.0 

36.. ..1 

39.... 

122.39 

150.49 

5,066 
6,229 
7,418 
8,327 

129 
120 
111 
103 

1.909 
2.348 
2.796 
3.184 

21.125 
25.975 
30.930 
34.724 

32.2 
30.0 
27.7 
25.7 

379.0 
466.0 
555.0 
623.0 

42... .1 

45 

179.22 

201.18 

48 

51....! 

:      221.86 

250.59 

9,183 
10,372 

97 
91 

3.461 
3.909 

38.293 
43.251 

24.2 
22.7 

687.0 
776.0 

54.. ..1 

!      289.68 

11,990 

86 

4.519 

49.660 

21.5 

807.0 



57 

312.92 

12,952 

82 

4.882 

54.010 

20.5 

960.0 

60 

1 

346.84 

14,356 

78 

5.411 

59.884 

19.5 

1,074.0 

a  Made  by  Rodney  Hunt  Macliine  Company,  Orange,  Mass.  This  wheel  lias  deep  buclcet  inlets  and 
double-curved  bulging  buclcets.  An  inside  cylinder  gate  is  used  with  a  garniture  to  conform  with  the 
vena  eontracta. 

6  Made  by  Holyolce  Machine  Company,  Holyolce.  Mass.  A  turbine  of  .\merican  type,  with  deep, 
double-curved,  bulging  buclcets  and  inside  cylinder  gate.  The  runner  formerly  had  rows  of  rib  plates 
forming  partial  division  plates  to  guide  the  water  through  the  wheel. 
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McCOBKICE.a 

[ISMlist.] 


123 


Dt&me- 
terof 


Manufacturer's  rating  for  | 
a  head  of  16  feet. 


CoeflBcients. 


in 


Listed  style 
or  number. 


Horse- 
power. 


Dis- 
charge 


Revo-  I 
'  lutions 


P*>^^'   i   cWe      SP«?** 
(-P).       Y^^^.    I  ("^^• 


9 j           8.8              365  531  I  0.137 

12 15.4  1           635  396  I  .240 

15 j  24.5  I        1,013  319  .382 

18 '  35.8'        1,482  257,  .558 

21.... 50.7          2,096  245  j  .791 

3« 66.9          2,768  202  1.044 

27 84.7  1        3,505  180  '  1.321 

aO 102.1           4,223  167  I  1.593 

33 124.9  I        5,166  145  1  1.948 

36 1  143.4           5,931,  142,  2.237 

30 168.6          6,972  124  |  2.630 

42 207.0  !        8,561  120  j  3.229 

45 220.4  1        9,116.  109  |  3.438 

48 248.6  1  10,284  1          98,  3.878 

51 \  283.11  11,709!          99'  4.416 

M 333.3  13,786            91  |  5.199 

57 374.0  I  15,467  j          89  5.834 

60 470.1  I  19,447  1          82  7.334 

66 568.9  I  23,530            75  j  8.875 

72 716.0  29,614  1          74  11.170 


2. 
4 

6. 

8. 
11 
14. 
17. 
21, 
24. 
29. 
35. 
38. 
42. 
48. 
57. 
64. 
81. 
98. 
123. 


522 

648 

224  i 

180 

740  I 

542 

616 

610 

542 

732 

073 

099 

014 

884 

826 

488 

497 

094 

120 

490 


132.7 
99.5 
79.7 
64.2 
61.2 
50.5 
47.2 
41.7 
36.2 
35.5 
31.0 
30.0 
27.2 
24.5 
24.7 
22.7 
22.2 
20.5 
18.7 
18.5 


Vent 


Weight  I 

in       I 


MCCORMICK'S  NEW  ENQLAND.fe 


9 

8.3 

12 

14.4 

15  .     ' 

23.2 

18 

32.3 

1    21...., 

45.5 

24.     J 

56.3 

27....! 

75.2 

30 

89.0 

33 

112.4 

36. . . . 

127.2 

30 

156.0 

fi 

186.3 

45 

209.2 

48..-. 

230.7 

51 

260.6 

54 

301.2 

57.... 

325.4 

60...- 

360.7 

) 

346 
595 
962 
1,342 
1,890 
2,334 
3,113 
3,683 
4,6.57 
5,268 
6,468 
7,714 
8,660 
'  9,550 
10,786 
12,469 
13,470 
14,930 


584 

0.129 

477 

.225 

382 

.362 

308 

.504 

2W 

.710 

242 

.878 

226 

1.173 

200 

1.388 

174 

1.7.>3 

170 

1.984 

148 

2.4.'i4 

144 

2.906 

131 

3.264 

117 

3.699 

118 

4.065 

109 

4.G99 

106 

5.076 

98 

5.627 

1.443 
1.600 
4.012 
4.596 
7.881 
9.733 
12.981 
15. 3.58 
19.420 
21.968 
26.972 
32.176 
36.112 
39.824 
44.878 
45.453 
.56. 170 
62. 278 


146.0  ! 

119.2    ' 

95.5  j ' 

77.0  I I 

73.5    

60.5  j ' 

56.5    

50.0    ' 

43.5    1 

42.5    ' 

37.0  I ' 

36.0  I ' 

32.8  I j 

29.2 ; 

29.5    

27.2    ' 

26.5  I 

24.5 


I 


a  Made  by  S.  Morgan  Smith  Company,  York.  Pa.  A  turbine  of  the  American  type,  with  deep  laUle- 
shaped  buclEet  outlets  protruding  below  and  outside  of  the  Kuide  ring  and  inside  cylinder  gate.  The 
tables  given  are  from  the  catalo^ie  of  the  S.  Morgan  Smith  Company.  Nearly  identical  rating  tables 
for  McCormick  turbines  arc  fumishwl  by  J.  A-  W.  .folly,  llolyoke.  Mass.;  Rodney  Hunt  Machine  Com- 
pany, Orange,  Mass..  and  Dubuque  Turbine  and  Roller  Mill  Company.  Dubunue,  Iowa.  The  wheels  of 
these  three  manufacturers  are  known,  respectively,  as  the  Smith-McCormlck,  the  Hunt-McCormick,  and 
the  McCormick-Holyoke  turbines. 

6  Made  by  Hanover  Foundry  and  Machine  Company,  Hanover,  Pa. 
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Rating  UMes  for  cyLinder-gaie  tuthinea — Continued. 

TAYLOR  SLEEVE  OATR.« 
[1902  list.] 


Diame- 
ter of 
runner 

in 
inches. 

16.... 
15.... 
16.... 
16. . . . 

Usted  style 
or  number. 

Manufacturer's  rating  for 
a  head  of  16  feet. 

Coefficients 

Vent 

in 
square 
inches. 

Horse- 
power. 

Dis- 
charge 
in  cubic 
feet  per 
minute. 

Revo- 
lutions 

minute. 

Power 

(-P). 

Dis- 

Speed 

Weight 

In 
pounds. 

A 

B 

C 

D 

6.76 

8.04 

13.84 

22.36 

31.33 

46.14 

64.61 

88.27 

113.76 

144.21 

182.07 

216.69 

254.31 

302.32 

352.80 

401.30 

460.27 

533.13 

565.88 

652.11 

323 
333 
673 
926 

293 
293 
293 
293 

0.000 

.125 

.216 

.349 

.489 

.704 

1.006 

1.377 

1.776 

2.250 

2.840 

3.380 

3.967 

4.716 

5.504 

6.260 

7.180 

8.317 

8.828 

10.173 

11.360 

12.733 

14.603 

0.930 

1.389 

2.389 

3.867 

6.400 

7.781 

11.121 

16.216 

19.616 

24.866 

31.400 

37.467 

43.860 

62.133 

60.824 

69.205 

79.384 

90.397 

97.586 

112.469 

125.692 

140.775 

161. 421 

73.2 
73.2 
73.2 
73.2 
73.2 
73.2 
62.6 
64.0 
46.2 
41.6 
37.2 
34.7 
31.2 
29.0 
26.7 
25.0 
23.2 
21.5 
20.5 
19.5 
18.2 
17.0 
15.6 

1 

j 

; 

16.. ..1  E 

16....!  SUndard... 

18.. ..| do 

21-.., do 

24....; do 

27....! do 

1,295  !        293 

1,866 

2,667 

3,649 

4.704 

6,963 

7,630 

8,8« 

10,618 

12,602 

14,686 

16,696 

19,037 

21,678 

23,402 

26.971 

293 

250 

216- 

185 

166 

149 

136 

125 

116 

107 

100 

93 

86 

82 

78 

73 

68 

62 

i 

30.... 

do 

33....! do 

36.. ..i do 

39.. ..1 do 1 

42.... 
45.... 
48.... 
61.... 

1 
do i 

do ! 

do ! 

do 1 

1 

\ 
1 

1 

64.... 

do 1 

67. . . . 

do 1 

' 

60.... 

do 1 

728.19  1      30,118 
816.24  1      33,759 
936.09         38.710 

64.... 

do 

68.... 

do 

1 

I 

VICTOR  TURBINE.6 
[1897,  1900,  and  1903  lisU.] 


12... 

16... 
18... 
21... 
24... 
27... 
30... 
33... 
36... 
39... 
42... 
45... 
48... 

.1  Cylinder 
1      gate. 

•1 f 

do 

.' do 

do 

.' do 

■i ^0 

- ^^ 

- ^- 

do 

do 

do 

12.29 

29.56 

42.59 

57.97 

75.71 

95.83 

118.31 

143.15 

170.36 

199.94 

231.88 

266.19 

302.87 

678 

1,222 
1,761 
2,397 
3,131 
3,9e« 
4,893 
5.920 
7,046 
8,269 
9,590 
11,009 
12,526 

406 

376 
314 
269 
235 
209 
188 
171 
156 
144 
134 
125 
,16 

0.192 

.461 
.664 
.904 
1.181 
1.495 
1.846 
2.233 
2.658 
3.119 
3.617 
4.152 
4.725 

2.827 

6.096 

7.343 

9.995 

13.056 

16.526 

20.404 

24.686 

•   29.382 

34.482 

39.990 

45.908 

62.233 

101.5 

94.0 
78.6 
67.2 
58.7 
52.2 
47.0 
«.7 
39.0 
36.0 
33.6 
31.2 
29.0 

60 

90 
130 
179 
231 
294 
366 
442 
620 



617 
717 
821 
927 

..-.I 

a  Made  by  John  Williams  Taylor,  Atlanta,  Oa.  A  turbine  of  recent  design,  having  outside  cvUnder 
gate  and  very  deep  bucket  inlet.  The  buckets  bulge  downward  but  do  not  extend  outside  of  circuin- 
lerence  of  inlet  ring.  The  guide  chutes  and  buckets  are  divided  into  three  compartments  by  partition 
plates. 

ft  Made  by  Stillweli-Bierce  and  Smith- Vaile  Companv,  Dayton,  Ohio.  The  Victor  turbine  rescmblw 
the  McCormick  pattern.  It  ha-s  very  deep  bucket  inlets,  bulging  ladle-shaped  discharge,  and  inside  cvl- 
Inder  gate.  Small-size  Victor  turbines  for  high  heads  are  built  with  register  gate.  The  high-presaore 
turbine  is  a  recent  design  (1903) ,  and  is  tabledior  heads  of  70  to  075  feet. 
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Bating  tahhsfor  q/Hnder-gaU  turhinea — Continued. 
VICTOR  TURBINE-Continued. 


1 

a  head  of  16  feet. 

Coemdenta. 

Vent 

in 
square 
inches. 

Weight 

In 
pounds. 

^^^    Listed  style 
™^"   or  number. 

iocbes. 

Horse- 
power. 

Dis- 
charge in 

cubic 
feet  per 
minute. 

Revo- 
lutions 

minute. 

Power 

(-P). 

Dls- 

Speed 

(-N). 

51....  Cylinder 
gate 

54 do 

57 do 

60 do 

r...   Register 
gate 

8 do 

M) do   

12...    do 

341.91 
383.32 
427.09 
473.24 

4.05 
,'>.7« 

11  111 

107 

5.334 
5.980 
6.663 
7.382 

.063 

58.968 
66.111 
73.659 
81.619 

.667 

26.7 
25.5 
24.2 

1,055 
1,154 
1,318 
1,463 

15,854  '        102 
17,664  1          97 
19,573            92 

160          814 
9!»   '          filA 

23.0 

203.5 
154.0 
122.0 
98.8 

.099 

.0») 

10.07  1            397 
15  19  •            R7Q 

488 
395 

.157           1.666 
.237            2.414 

VICTOR  HIGH  PRESSURE.-* 
[1903  list.] 


14... 

16 

18         .          .... 

20.            

22.. ..j 

24.... 

26.,.. 

28.... 

30.. 

33.... 

36.... 

39.... 

42.... 

45 

48..,. 

61.... 



M 

57.... 

60.... 

63.... 

86... 

88....'     

72 

37 

50 

66 

82 
106 
128 
151 
173 
191  I 
228 
272 
303 
343 
387 
426 
462 
504 
544 
590 
619 
680 
742 
799 


247 

332 

442 

542 

707 

850 

1,001 

1,147 

1,265 

1,512 

1,805 

2,005 

2,277 

2,563 

2,820 

3,063 

3,340 

3,605 

3,907 

4,100 

4,505 

4,910 

5,290 


656 

674 

510 

450 

417 

383 

363 

328 

306 

278 

255 

235 

219 

204 

191 

180 

170 

161 

153 

146  I 

139 

133  I 

127 


0.037 
.050 
.066 
.082 
.106 
.128 
.151 
.173 
.191 
.228 
.272 
.303 
.343 
.387 
.426 

*.462 
.504 
.544 
.590 
.619 
.680 
,742 
.799 


0.412 
.553 
.733 
.908 
1.178 
1.417 
1.668 
1.912 
2.108 
2.620 
3.006 
3.342 
3.795 
4.272 
4,700 
5.105 
5.567 
6.008 
6.512 
6.833 
7.508 
8.183 
8.817 


66.6 
57.4 
61.0 
45.9 
41.7 
38.3 
35.3 
32.8 
30.6 
27.8 
25.6 
23.5 
21.9 
20.4 
19.1 
18.0 
17.0 
16.0 
15.3 
14.6 
13.9 
13.3 
12.7 


I 


•Made  by  Stillwell-Bierce  and  Smlth-Valle  Company.  DaytoD>  Ohio.    The  Victor  turbine  resemble 
thelfcCoimlck  pattern.    It  has  very  deep  bucket  inlets,  bulging  ladle-shaped  discharge,  and  inside  cyl- 
inder gate.    Small-size  Victor  turbines  for  high  heads  are  built  with  register  gate.    The  high  pressure 
tarbme  is  a  recent  design  (1903),  and  is  tabled  for  heads  of  70  to  675  feet. 

^ Table  gives  maker's  rating  for  head  of  100  feet. 
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GEOLOGY  AND  WATER  RESOURCES  OF 
OWENS  VALLEY,  CALIFORNIA. 


By  WiLus  T.  Lee. 


INTRODUCTION. 

This  report  is  the  result  of  field  studies  made  during  the  season  of  1904  under  the  direc- 
tion of  Mr.  N.  H.  Darton.  The  region  considered  includes  Owens  Valley,  part  of  Mono  Lake 
and  Salt  Wells  valleys,  and  the  slopes  of  the  adjoining  mountain  ranges.  A  description  of 
th^  geologic  formations  and  structure  is  presented,  with  special  reference  to  their  bearing 
on  the  prospects  for  underground  water.  A  general  account  of  the  surface  waters  also  is 
given,  with  a  discussion  of  the  conditions  likely  to  influence  the  storage  of  water  in  a  region 
of  recent  seismic  disturbances.  P>onomic  products  in  the  nature  of  building  materials  are 
briefly  described,  and  the  effect  of  the  present  irrigation  on  the  total  water  supply  of  Owens 
Valley  is  pointed  out. 

GEOGRAPHY. 

TOPOGRAPHY. 

General  rdaiions. — Owens  Valley  is  located  in  east-central  California,  between  the  Sierra 
Nevada  on  the  west  and  the  White  Mountains  or  Inyo  Range  on  the  east  (see  PI.  I),  and 
includes  the  area  drained  by  Owens  River  and  its  tributaries.  It  contains  two  smaller 
topographic  depressions,  Long  and  Round  valleys.  Owens  Valley  is  the  westernmost  of 
the  desiccated  valleys  of  the  Great  Basin  region  and  differs  from  the  others  in  that  it  has 
an  abundant  water  supply,  derived  mainly  from  the  melting  snows  on  the  high  mountains 
to  the  west.  It  is  an  undrained  basin,  the  lowest  part  of  which  is  occupied  by  a '  large 
salt  lake. 

Altitudes  and  dopes. — ^The  floor  to  the  valley  has  an  average  elevation  of  3,700  feet,  with  a 
uniform  gradient  between  Keeler  and  Bishop  of  7  feet  to  the  mile.  The  altitude,  accord- 
ing to  railway  surveys,  is  3,607  feet  at  Keeler,  3,661  feet  at  Lone  Pine,  3,721  feet  at  Inde- 
pendence, and  4,107  feet  at  Bishop.  North  of  Bishop  the  grade  of  the  river  is  much  steeper. 
Mono  Lake^is  55  miles  from  Bishop  and  the  difference  in  elevation  is  2,623  feet.  The  general 
altitude  of  the  Sierra  Nevada  west  of  Owens  Valley  is  about  12,500  feet,  but  several  peaks 
of  the  range  rise  to  elevations  varying  from  12,500  to  nearly  15,000  feet;  these  are  Mounts 
Whitney  (see  PI.  II,  B),  Williamson,  Ritter,  Lyell  (see  PI.  VI,  A),  and  others.  The  rugged 
character  of  the  range  is  illustrated  in  PI.  II,  A.  Between  Owens  Lake,  the  lowest  point  in 
the  valley,  and  Mount  Whitney,  the  highest  peak  of  the  Sierra  Nevada,  the  difference  in  alti- 
tude is  about  11,300  feet,  but  there  are  other  places  much  nearer  together  where  differences 
nearly  as  great  occur. 

The  maximum  elevation  of  the  White  Mountains  is  reached  in  White  Mountain  Peak, 
which  is  11,321  feet  high.  To  the  south  the  average  altitude  is  about  10,000  feet.  The 
western  side  of  the  White  Mountains,  which  faces  Owens  Valley,  is  a  steep  though  regular 
slope,  as  shown  in  PI.  Ill,  B,  but  it  is  much  less  deeply  dissected  by  erosion  than  the  eastern 
face  of  the  Sierra  Nevada.  The  Coso  Mountains  comprise  the  southern  part  of  the  White 
Mountains,  but  they  are  separated  from  the  Mountains  on  the  north  by  a  low  pass  east  of 
Owens  Lake. 
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Owens  River. — ^Tbe  principal  drainage  in  this  region  is  into  Owens  River,  a  main  stream  — 
with  a  laige  number  of  important  tributaries  entering  mainly  from  the  west,  those  from  the 
^t  being  intermittent.    The  waters  of  Owens  River  empty  into  Owens  Lake,  from  which    v 
they  escape  only  by  evaporation.    There  is  a  heavy  precipitation  on  the  western  side  of   ^ 
Owens  Valley,  resulting  from  the  great  elevation  of  the  Sierra  Nevada.    The  moisture-     ^^ 
laden  winds  from  the  west  lose  much  of  their  moisture  in  passing  over  this  high  range,  and  as    S", 
a  consequence  the  rainfall  is  very  light  in  the  main  part  of  Owens  Valley  and  the  districts    ^ 
farther  east.     From  the  headwaters  of  Owens  River,  at  Mount  Lyell,  southward  to  Mount     ^ 
Whitney,  numerous  streams  enter  the  valley  from  the  Sierra  Nevada,  as  shown  in  PI.  I.     ^ 
The  largest  of  these  are  South  Branch,  Rock,  Pine,  Bishop,  Coyote,  Big  Pine,  Tinemaha, 
Taboose,  Oak,  Shepherd,  and  Lone  Pine  creeks.    South  of  Mount  Whitney  the  tributaries  are       - 
smaller  and  intermittent,  because  of  the  small  amount  of  snow  on  the  summit  of  the  range.       i 
Owing  to  the  steepness  of  the  mountain  slopes  on  the  west,  the  streams  are  torrential  in 
character,  flowing  through  deep,  narrow  gorges  on  the  higher  slopes  and  emerging  lower 
down  onto  detrital  cones  which  they  have  deposited.    Some  of  the  smaller  streams  sink  in 
the  detrital  material  and  the  laiger  ones  reach  the  river  with  greatly  diminished  volume. 

The  present  form  of  the  Owens  River  S3rstem  (see  PI.  I)  is  due  lai^ly  to  the  change  d 
climate  in  recent  geologic  time.  Throughout  a  part  at  least  of  Quaternary  time  Owens 
River  flowed  southward  through  Salt  Wells  Valley,  and  the  portion  of  Owens  Valley  north 
of  Bishop  probably  contained  a  flowing  stream.  During  the  changes  toward  greater  aridity 
of  climate  which  took  place  later,  the  water  supply  was  cut  off  from  the  upper  part  of 
Owens  River  and  one  of  its  main  tributaries  was  left  as  the  head  of  the  stream.  At  the  time 
evaporation  in  the  valley  equaled  or  exceeded  the  inflow,  that  part  of  the  river  south  of 
Owens  Lake  ceased  to  flow,  and  the  tributaries  from  the  White  Mountains  became  dry  from 
lack  of  sufficient  rainfall,  if,  indeed,  they  ever  had  been  permanent  streams.  The  result  is  a 
river  system  of  considerable  size  truncated  at  both  ends  and  modified  on  the  east  side,  with 
only  its  middle  portion  still  active. 

Mono  Lake  drainage. — ^There  are  several  short  mountain  streams  in  the  northern  part  of 
the  district  which  empty  into  Mono  Lake.  Rush  Creek,  the  laigest  of  these,  is  a  stream  of 
considerable  size.  It  derives  its  waters  principally  from  melting  snows  high  on  the  slopes 
of  the  Sierra  Nevada  near  Mount  Lyell.  (See  PI.  VI,  ^1).  Mono  Lake  is  similar  to  Owens 
Lake  both  in  its  physical  character  and  in  the  chemical  Composition  of  its  waters. 
The  two  lakes  are  nearly  the  same  in  size.  Mono  having  an  area  of  about  85  square  miles 
and  Owens  about  75  square  miles.  Both  are  located  at  the  eastern  base  of  the  Sierra 
Nevada  and,  although  about  125  miles  apart,  both  derive  their  water  supply  from  the  vicin- 
ity of  Mount  Lyell.  Mono  Lake,  however,  lies  at  an  elevation  about  3,000  feet  higher 
than  Owens  Lake.    Neither  lake  has  an  outlet. 

GEOLOGY. 
STRATIGRAPHY. 

PRE-TEETIARY   ROCKS. 

The  older  rocks  appearing  at  the  surface  in  the  Owens  Valley  region  consist  of  granite 
and  more  or  less  metamorphosed  sediments,  which  are  of  Algonkian,  Paleozoic,  and  Meso- 
zoic  age.  The  rocks  are  nearly  impervious  and,  as  they  outcrop  in  a  region  of  practically 
no  rainfall,  they  probably  do  not  contain  much  water.  They  form  an  impervious  basin, 
however,  for  the  water-bearing  sands  and  gravels. 

TERTIARY   SEDIMENTS. 

Deposits  of  sand,  gravel,  and  clay  of  supposed  Tertiary  age  occur  at  two  localities  in  the 
Owens  Valley  region,  one  south  of  Owens  Lake,  between  the  Coso  Mountains  and  the  Sierra 
Nevada,  and  the  other  in  the  Waucobi  embayment  east  of  Alvord.    In  the  area  south  of 
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Owens  Lake  the  beds  consist  of  partly  consolidated  deposits  of  sand,  gravel,  and  clay, 
which  attain  a  thickness  of  at  least  1,500  feet  and  possibly  more.  These  deposits  have 
been  referred  to  the  Miocene  by  Fairbanks  a.  Near  Haway  Meadows,  where  at  least  500 
feet  of  this  formation  have  been  removed  by  erosion,  a  boring  1,028  feet  deep  did  not  pass 
through  it. 

The  so-called  Tertiary  deposits  occurring  in  the  Waucobi  erabayment,  east  of  Alvord, 
extend  westward  into  Owens  Valley,  passing  beneath  the  late  Quaternary  deposits  of  the 
valley  floor.  The  strata  consist  of  fine  limy,  sandy,  and  clajrey  beds  with  layers  of  con- 
gtomerate,  the  whole  series  being  covered  by  wash  brought  down  from  the  mountains. 
Near  the  mountains  the  deposits  consist  of  coarse  material  which  changes  toward  the  valley 
to  finer  sediments.  This  formation  has  been  described  by  Walcottt^  as  a  lake  deposit  of 
late  Pliocene  or  Quaternary  age,  and  the  fresh-water  shells,  abundant  in  some  beds,  are  con- 
j>idered  by  W.  H.  Dalle  to  be  of  Pleistocene  age. 

QUATERNARY   SEDIMENTS. 

The  Quaternary  deposits  in  Owens  Valley  consist  mainly  of  clay,  volcanic  ash,  sand, 
and  gravel  laid  down  in  successive  layers  which  have  a  thicknecs  of  at  least  465  feet  beneath 
the  lake  level,  as  is  shown  by  the  record  of  the  well  at  Keeler,  near  the  eastern  edge  of 
Owens  Lake.  Material  similar  to  that  penetrated  by  the  Keeler  boring  is  found  in  terraces 
at  an  elevation  of  about  250  feet  above  the  lake.  These  terraces,  having  the  same  eleva- 
tion as  the  southern  outlet  of  the  valley,  undoubtedly  mark  the  level  of  the  lake  when  it 
drained  southward  through  Salt  Wells  Valley.  At  that  time  the  lake  probably  extended 
northward  as  far  as  Bishop.  In  these  terraces  and  in  the  material  penetrated  by  the 
Keeler  well  fresh-water  shells  occur  in  considerable  abundance.  Carinifex  newbenyi  Lea 
and  Odonia  sp.  are  the  principal  forms.  These  were  identified  by  W.  H.  DaU,  who  believes 
that  the  species  were  denizens  of  Owens  Lake  and  of  other  lakes  extending  over  a  wide 
range  west  of  the  Rockies.  The  desiccation  of  the  lakes,  with  concentration  of  the  alkaline 
salts  in  their  waters,  rendered  them  unsuitable  for  moUuscan  life,  and  the  species  were 
left  only  in  streams  and  such  lakes  as  remained  fresh,  where  they  are  found  at  the  present 
time  in  greatly  diminished  numbers. 

Along  the  base  of  the  mountains  on  either  side  of  Owens  Valley  are  detrital  cones,  which 
were  brought  down  in  late  Quaternary  time  and  are  still  in  process  of  accumulation.  Those 
at  the  base  of  the  Sierra  Nevada  have  a  maximum  elevation  of  about  2,000  feet  above  the 
river  and  are  connected  with  each  other,  forming  a  continuous  slope,  while  along  the  base 
of  the  White  Mountains  they  are  smaller  and  more  isolated,  and  their  outlines  are  better 
preserved.  The  material  in  the  cones  on  the  White  Mountain  side  of  the  valley  consists 
largely  of  detritus  from  sedimentary  rocks;  along  the  Sierra  Nevada  it  is  composed  of 
granitic  fragments.  Many  of  the  granite  blocks  are  10  to  15  feet  in  diameter,  and  some  of 
them  occur  as  far  as  5  to  6  miles  from  the  base  of  the  mountains. 

VOLCANIC  FEATURES. 

The  volcanic  features  of  the  Owens  Valley  region  consist  of  crater  cones,  lava  flows,  hot 
springs,  and  mud  geysers.  The  occurrence  of  the  hot  springs  and  mud  geysers  in  this  con- 
nection is  probably  significant.  The  volcanic  deposits  are  found  principally  in  three 
districts. 

Coso  district. — In  the  Coeo  Mountains,  southeast  of  Owens  Lake,  extensive  volcanic  action 
has  taken  place  and  the  effects  of  two  distinct  periods  of  eruption  are  apparent.  The  older 
flows  have  been  deeply  dissected  by  erosion,  while  the  more  recent  lavas  are  not  dissected, 
but  still  retain  their  original  form.  These  lavas  are  mainly  beyond  the  border  of  Owens 
Valley  and  no  special  study  was  made  of  them. 

«  Fairbanks,  H.  F_^  Notes  on  the  geology  of  eastern  California:  Am.  Geologist,  vol.  17, 1896,  p.  67. 
b  Waleott,  C.  D.,  The  post-Pliocene  elevation  of  the  Inyo  Range:  Jour.  Oeol.,  vol.  5,  No.  4,  1897,  pp. 
340-348. 
« Ibid.  p.  342. 
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Big  Pine  district. — ^There  is  a  volcanic  region  near  the  center  of  Owens  VaDey,  between 
Independence  and  Big  Pine.  The  flows  of  basalt  are  evidently  of  very  recent  origin,  overly- 
ing late  Quaternary  deposits  and  giving  little  evidence  of  weathering.  Scoriaceous  lava  occurs 
in  the  irregular  forms  in  which  it  cooled  from  the  molten  state,  and  numerous  cinder  cones 
contain  craters  which  are  more  or  less  perfect.  The  lava  once  extended  across  the  valley 
and  for  a  considerable  distance  up  the  side  of  the  White  Mountains.  In  the  floor  of  Owens 
Valley  the  lava  sheet  is  now  considerably  eroded  by  the  river  and  covered  to  some  extent  by 
alluvium.  In  the  vicinity  of  Aberdeen  the  lavas  occur  near  a  group  of  granitic  hills,  which 
extend  for  some  distance  into  the  lower  portion  of  the  valley.  (See  PL  I.)  Flows  of  vol- 
canic rock  extend  southward  along  the  base  of  the  Sierra  Nevada  to  a  point  a  few  miles 
north  of  Independence.  The  extinct  volcanic  cone  known  as  "Fish  Spring  Volcano"  {see 
PI.  II,  A)  lies  west  of  Aberdeen  and  is  the  largest  and  p>ossibly  the  oldest  volcanic  cone 
in  the  region.  It  rises  about  2,000  feet  above  Owens  Valley  and  has  a  well-defined  crater 
about  100  feet  deep.  At  the  base  of  the  Sierra  Nevada,  west  of  Bishop,  occur  the  northern- 
most cinder  cones  of  this  district. 

Long  VaUey  district. — The  largest  district  of  volcanic  rocks  within  the  area  described  in 
this  report  extends  from  the  upper  end  of  Round  Valley  to  Mono  Lake.  In  the  southern 
part  of  the  district  the  rock  is  dark  colored  and  consists  mainly  of  andesitic  tuffs  and  brec- 
cias, which  are  well  exposed  in  the  bluffs  of  Owens  River  and  Rock  Creek,  where  they  fonn 
bold,  cavernous  cliffs  and  rugged  slopes.  In  some  places  lai^  masses  of  material  are  almost 
wholly  unconsolidated,  while  in  others  the  tuff  is  solidified  into  resistant  rock.  The  can- 
yons which  are  cut  through  the  andesite  by  Owens  River  «,nd  the  smaller  streams,  such  as 
Crooked  Creek  (PI.  V,  B),  are  200  to  300  feet  deep,  a  fact  indicative  of  considerable  age.  In 
that  portion  of  the  district  which  lies  north  of  Long  Valley  the  surface  is  more  or  less  covered 
with  volcanic  products  that  are  believed  to  be  more  recent  than  those  farther  south.  They 
consist  of  obsidian,  pumice,  and  unconsolidated  ash,  and  are  described  in  detail  by  Rus- 
sell a  in  his  paper  on  the  Mono  Lake  region.  Beds  of  ash  and  scoriaceous  rock  of  this  younger 
series  were  observed  as  far  south  as  Casa  Diablo.  Panum  Crater  (PI.  V,  A)  is  prolmbly  one 
of  the  l)est  illustrations  of  the  younger  volcanic  cones.  Russell  described  this  crater  as  fol- 
lows: "The  rough  crags  piled  in  the  center  of  the  bowl  of  lapilli  are  not  of  the  nature  of  a 
cone  of  eruption,  as  might  be  supposed  from  our  knowledge  of  Vesuvius  and  other  similar 
volcanoes,  but  are  ejections  of  a  molten  rock  of  the  same  character  as  the  nei^boring  lava 
flows.  They  are  in  fact  incipient  coul^s  which  were  congealed  before  a  definite  flow  in  any 
direction  had  been  established." 

The  central  core  of  Panum  Crater  is  completely  surrounded  by  a  sharp,  V-shaped  depres- 
sion, the  outer  rim  of  which  is  a  circular  ridge  composed  of  the  volcanic  cinders  that  form 
the  outer  part  of  the  cone.  The  core  rises  to  an  elevation  considerably  higher  than  the  cin- 
der rim  and  is  composed  of  scoria  and  black  volcanic  glass.  The  sides  of  the  core  are  steep, 
craggy,  and  more  or  less  broken,  giving  unmistakable  evidence  that  it  was  thrust  out  en 
masse  after  the  formation  of  the  cinder  rim  and  at  a  time  when  the  material  was  in  a  senu- 
plarttic  condition  and  yet  resistant  enough  in  general  to  hold  the  form  given  to  it  by  the 
throat  of  the  crater.  Some  of  the  blocks  from  the  side  of  the  core  are  elongated,  some  are 
warped  or  contorted,  and  many  are  scored  and  grooved  on  the  sides,  so  that  a  differentia] 
motion  is  plainly  indicated. 

Hot  springs. — ^Along  the  zone  in  which  extinct  volcanoes  occur  there  is  a  series  of  hot 
springs.  Although  the  temperature  of  the  water  in  these  springs  is  not  necessarily  due  to 
volcanic  heat,  their  close  association  with  the  old  volcanoes  suggests  that  the  heat  may  be 
derived  from  that  source.  Several  of  the  springs  are  grouped  near  the  west  end  of  Long 
Valley,  where  they  form  a  stream  of  considerable  size,  known  as  Hot  Creek.  One  of  these 
springs  is  said  to  have  been  an  active  geyser  until  a  few  years  ago,  when  the  creek  changed 
its  course  in  such  a  way  as  to  flow  over  the  mouth  of  the  geyser  and  destroy  its  intermittent 
action.  Hot  springs  were  observed  in  Owens  Valley  as  far  south  as  the  group  of  volcanic 
cones  between  Independence  and  Big  Pine. 


a  Russell,  I.  C,  Quaternary  history  of  Mono  Valley,  California:  Eighth  Ann.  Kept.  U.  8.  Qeol.  Survey, 
pt.  1, 1888,  pp.  377-389.  ^^-^  j 
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A.    VIEW  OF  OWENS  VALLEY  AND  THE  SIERRA  NEVADA  NEAR  BIG  PINE. 

Showing  a  volcanic  cone  ("  Fith  Spring"  volcano)  in  the  middle-ground  and  the  Sierra  Nevada  in 

the  distance. 


J}.     EASTERN   FACE  OF  MOUNT  WHITNEY. 

Cliff*  in  the  center  are  about  3,000  feet  high       Western  slope  of  Sierra  Nevatia  is  seen  in  upper  left- 
hand  corner  and  a  rerr.nant  of  Tertiary  slope  at  the  right  in  the  distance. 
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Mud  geysers. — There  is  a  small  mud  geyser  at  Casa  Diablo,  near  the  west  end  of  Long 
Valley,  which  is  in  continuous  and  violent  action.  At  a  number  of  places  in  its  immediate 
vicinity  the  steam  escapes  in  small  quantities  and  for  a  considerable  distance  from  the 
geyser  the  rock  is  more  or  less  heated.  This  suggests  either  very  recent  volcanic  activity 
or  the  beginning  of  future  volcanic  action.  No  vent  showing  signs  of  recent  eruption  was 
found  near  this  place,  and  it  is  possible  that  the  heat  accompanies  some  initial  rather  than 
closing  stage  of  volcanic  activity.  On  the  other  hand,  the  heat  may  be  due  to  friction  or 
crushing  caused  by  faulting.  Casa  Diablo  is  near  the  fault  zone  at  the  base  of  the  Sierra 
Nevada,  along  which  in  other  places  there  has  been  recent  movement. 

STRUCTURAL  GEOLOGY. 

GHcrens  Valley  is  a  V-shaped  trough,  extending  in  a  nearly  straight  line  from  Salt  Wells 
Valley  northward  into  Nevada  east  of  Mono  Lake.  The  western  side  of  the  trough  is  the 
granitic  escarpment  of  the  Sierra  Nevada,  a  general  view  of  which  is  given  in  PI.  II,  A. 
The  eastern  side  is  the  less  steep  face  of  the  White  Mountains  (see  PI.  Ill,  A),  composed 
principally  of  sedimentary  rocks.  The  bottom  of  the  trough  is  filled  to  an  unknown  depth 
with  Tertiary  and  Quaternary  deposits.  From  Owens  Lake  to  Bishop,  a  distance  of  more 
than  70  miles,  the  trough,  measured  from  crest  to  crest  of  the  adjoining  mountain  ranges,  is 
12  to  25  miles  wide.     North  of  Bishop  it  is  much  wider. 

The  geologic  structure  of  the  Owens  Valley  region  has  been  described  in  part  by  several 
geologists,  mainly  in  connection  with  discussions  of  certain  features  of  the  Sierra  Nevada. 
Briefly  stated,  it  is  assimied  that  this  range  is  a  large  block  of  the  earth's  crust  which  in 
comparatively  recent  geologic  time  has  been  faulted  and  elevated  at  its  eastern  maiigin,  with 
westward  tilting  of  its  surface.  Although  no  conclusive  proof  has  been  presented  that  the 
eastern  face  or  escarpment  of  the  Sierra  Nevada  is  due  to  faulting,  confirmatory  evidence  has 
been  discovered  in  a  number  of  places.  It  has  been  shown  by  Gilbert  o  and  Diller  h  that  the 
western  slope  of  the  Sierra  Nevada  is  a  tilted  peneplain  and  that  the  escarpment  on  the  east 
is  presumably  due  to  faulting  which  accompanied  the  uplift  and  tilting  of  the  great  block. 
This  faulting  is  indicated  by  the  displacement  of  gravel  deposits  at  the  north  end  of  the 
range  as  described  by  Diller, <>  also  by  similar  movements  of  gravels  near  Mono  Lake,  of  lava 
sheets  north  of  Honey  Lake,  of  gravels  near  Genoa,  and  of  various  rocks  along  the  base  of 
the  Sierra  Nevada  in  Owens  Valley,  as  described  by  Russell,  c  Diller,rf  Lindgren,«  and 
Whitney,/  respectively. 

Evidence  of  faulting  and  block  tilting  similar  to  that  which  affected  the  Sierra  Nevada  has 
been  found  in  the  White  Mountains.  Walcott^  has  shown  that  the  strata  of  these  moun- 
tains were  contorted  and  strongly  folded  in  comparatively  early  geologic  time,  but  later  the 
range,  like  the  Sierra  Nevada,  moved  as  a  largie  crust  block.  It  has  also  been  suggested  by 
Walcott  A  that  the  steep  eastern  escarpment  of  the  White  Mountains  may  be  due  to  faulting, 
while  the  westward  inclination  of  the  lake  beds  in  the  Waucobi  embayment  may  be  due  to  a 
tilting  of  the  White  Mountain  block. 

To  these  indications  of  faulting  in  the  Owens  Valley  region  may  be  added  those  observed 
by  the  writer.  In  the  White  Mountain  face  east  of  Lone  Pine  strata  of  Triassic  age  pass 
beneath  the  floor  of  Owens  Valley,  with  a  dip  of  about  .50®.  In  the  Alabama  Hills  west  of 
Lone  Pine  the  same  formation  is  found  in  a  shattered  condition  and  associated  with  granitic 
rock  in  a  manner  clearly  indicating  displacement  by  faulting.     Southwest  of  Bishop  a  small 


a  Gilbert,  G.  K.,  Science,  vol.  1. 1883,  pp.  194-195. 

^  DiUer,  J.  8.,  Tertiary  revolution  in  topography  of  Padflc  coast:  Fourteenth  Ann.  Kept.  V.  S.  Oeol. 
Survey,  pt.  2,  1894,  pp.  408.  432. 

e  Russell,  I.  C,  Quaternary  history  of  Moses  Valley,  California:  Eighth  Ann.  Rep.  U.  S.  Geol.  Sur- 
vey, pt.  1,  1889,  p.  322. 

«  DUler,  J.  S.,  GcDlogy  of  Lassen  Peak  district:  Eighth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  1, 1889,  p.  429. 

<  Lindgren,  W.,  Age  of  the  auriferous  gravels  of  the  Sierra  Nevada:  Jour.  Geol.,  vol.  4,  1896, p. 902. 

/Whitney,  J.  D.,  The  Owens  Valley  earthquake:  Overland  Monthly,  June,  1872. 

9  Walcott,  C.  D.,  The  Appalachian  type  of  folding  in  the  White  Mountain  Range  of  Inyo  County.  Cal.: 
Am.  Jour.  Scl.,  3d  ser.,  vol.  49,  1895,  pp.  169-174. 

A  Walcott,  C.  D.,  The  post-Pleistocene  elevation  ol  tbe  Inyo  Range:  Jour.  Geol.,  vol.  5,  1897,  pp.  340- 
348. 
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exposure  of  marble  occurs,  apparently  a  displaced  remnant  of  the  extensive  marble  and 
limestone  formation  in  the  White  Mountains,  which  passes  beneath  the  floor  of  the  valley 
at  Independence,  with  a  dip  of  80^.  There  is  evidence  near  Little  Lake  not  only  of  dis- 
placement by  faulting,  but  also  of  the  rate  at  which  displacement  took  place.  At  little 
Lake,  which  has  an  altitude  of  3,000  feet,  the  granite  extends  across  the  valley,  and  at 
Haway  Meadows,  at  an  altitude  of  3,782  feet,  a  well  bored  to  a  depth  of  1,028  feet  was  still 
in  Tertiary  sediments.  The  basin  formed  by  the  older  rocks  is  therefore  at  least  246  feet 
deeper  than  the  granite  which  forms  the  lowest  part  of  its  rim.  How  much  deeper  the 
basin  is  remains  unknown.  Its  ascertained  depth  of  246  feet  is  deariy  due  to  subsidence 
and  not  to  erosion  and  indicates  that  the  subsidence  was  more  rapid  than  the  down  cutting 
of  the  river.  The  Tertiary  strata  at  Haway  Meadows  dip  westward  at  an  angle  of  about 
15^  and  terminate  somewhat  abruptly  against  the  granite  base  of  the  Sierra  Nevada,  but  it 
was  not  determined  whether  they  were  displaced  there  by  a  fault  or  otherwise. 

HISTORY  OF  THE  ORIGIN  AND  DEVTCLOPMENT  OF  THE  VALLEY. 

GENERAL  STATEMENT. 

As  stated  in  the  introduction,  one  of  the  purposes  of  the  present  investigation  was  to  deter- 
mine the  prospects  of  successful  water  storage  in  this  region  of  recent  seismic  disturbances. 
If  Owens  Valley  has  resulted  from  the  formation  and  movements  of  crust  blocks,  accom- 
panied by  faulting,  the  time  at  which  these  movements  occurred  and  the  prospects  of  their 
recurrence  must  be  considered  in  connection  with  a  project  for  water  storage  in  this  valley. 
In  case  the  crustal  disturbances  occurred  only  in  ages  long  past,  a  stable  condition  of  the  sur- 
face might  reasonably  be  expected;  but,  on  the  other  hand,  if  movements  have  taken  place 
recently  an  unstable  condition  may  exist  and  earthquakes  more  or  less  disastrous  to  an 
irrigation  system  are  to  be  expected.  For  these  reasons  the  following  brief  history  of  the 
crustal  movements  in  the  Owens  Valley  region  is  given. 

Disturbances  of  great  magnitude  are  known  to  have  occurred  in  both  the  Sierra  Nevada 
and  the  White  Mountain  regions  in  pre-Tertiary  time,  resulting  in  the  formation  of  mountain 
ranges.  These  movements  obviously  were  too  ancient  to  affect  seriously  the  question  here 
discussed  and  therefore  need  not  be  treated  at  length.  Some  time  during  the  Tertiary  period, 
however,  a  series  of  events  began  which  do  affect  these  questions.  The  peneplain  of  the 
western  slope  of  the  Sierra  Nevada,  first  recognized  by  Oilbert,^  has  been  further  described 
by  Diller,fr  who  shows  that  the  planation  was  probably  accomplished  during  Miocene  time. 
Gravels  deposited  upon  this  peneplain  have  been  elevated,  faulted,  and  tilted.  Diller  found 
them  showing  a  vertical  displacement  of  about  3,000  feet  along  the  eastern  face  of  the  range 
at  its  north  end.  Similar  displacements  were  found  by  Russell  c  near  Mono  I/ake  and  by 
Turner  d  near  Tower  Peak.  At  the  latter  place  gravel-covered  plateaus  occur  near  the  sum- 
mit of  the  range,  close  to  the  escarpment,  which  Turner  explains  as  parts  of  the  old  pene- 
plain raised  to  itvS  present  position  after  the  deposition  of  the  gravels.  Parts  of  the  peneplain 
are  well  preserved  at  Mammoth  Mountain,  and  its  relation  to  the  eastern  face  of  the  Sierra 
Nevada  is  clearly  shown  in  PI.  VI,  B. 

POST-TERTIAKY   UPLIFT. 

Since  the  time  of  King's  survey, «  observers  of  the  Sierra  Nevada  region,  with  few  excep- 
tions, have  assigned  the  main  uplift  to  post-Tertiary  time.  Le  Conte/  in  a  paper  describing 
the  geology  of  the  western  slope  of  the  Sierra  Nevada  places  the  elevation  ^f  the  moun- 


o  Gilbert,  O.  K.,  Science,  vol.  1,  1883,  pp.  194-195. 

b  Diller,  J.  S.,  Tertiary  revolution  in  topography  of  Pacific  coast:  Fourteenth  Ann.  Kept.  U.  8,  0«ol. 
Survey,  pt.  2,  1894,  pp.  404-411. 

c  Russell,  I.  C,  Quartemary  history  of  Mono  Valley,  California:  Eighth  Ann.  Rept.  U.  8.  OeoL  8ui^ 
vevjpt.  1,  1889,p.  322. 

d  Turner,  H.  W.,  Rocks  of  Sierra  Nevada:  Fourteenth  Ann.  Rept.  U.  8.  Geol.  Survey,  pt.  2, 1894,  p. 

<  King,  Clarence,  Rept.  U.  S.  Geol.  Explor.  40th  Par.,  vol.  1.  1878.  p.  744. 

/  Le  Conte,  Joseph,  A  post-Tertiary  elevation  of  the  Sierra  Nevada,  shown  by  the  river  beds:  Am. 
Jour.  8cl.,  3d  eer.,  vol.  32, 1886,  pp.  167-181,  ' 
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A,     WESTERN  FACE  OF  THE  WHITE  MOUNTAINS  NEAR  ALVORD  STATION. 

Level  valley  floor  in  the  foreground,  and  transition  slope  in  the  middle-ground.     Photograph  by 

C.  D.  Walcott. 


Ji.     GRANITE  BOWLDERS  OF  THE  ALLUVIAL  SLOPE  AT  THE  BASE  OF  THE  SIERRA 
NEVADA.   NEAR  BIG  PINE. 


Photograph  by  C.  D.  Walcott. 


Digitized  by  VjOOQ  IC 


Digitized  by  LjOOQIC 


OBIGm  AND  DEVELOPMENT  OF  THE  VALLEY.        11 

tatns  at  the  dose  of  the  Tertiary  and  suggests  that  their  rise  may  have  been  coincident  with 
an  increasing  aridity  of  climate  in  the  Basin  region  and  with  the  beginning  of  deposition  of  the 
Quatenary  beds  which  occupy  so  laige  an  area  east  of  the  range,  including  Owens  Valley. 
The  assignment  of  the  uplift  to  post-Tertiary  time  has  recently  been  confirmed  by  cer- 
tain observations  of  Turner,  a  From  a  study  of  the  Tertiary  gravels  and  lavas  on  the  west- 
em  face  of  the  Sierra  Nevada  along  Tuolunme  River,  he  concludes  that  the  Sierra  block  has 
been  tilted  to  a  notable  extent  since  the  close  of  the  Tertiary  period.  He  shows  that  the 
grade  represented  by  the  Neocene  gravels  averages  142  feet  per  mile,  while  the  grade  of  the 
Tuolunme  River  is  92  feet  per  mile.  He  also  points  out  that  the  Neocene  stream  was  more 
mature  than  the  present  one  and  presumably  flowed  at  a  lower  grade.  He  concludes: 
''Assuming  that  the  Neocene  Tuolunme  had  originaUy  a  grade  as  low  as  that  of  the  modem 
stream,  which  is  evidently  yet  a  yoimg  stream,  it  is  clear  that  the  present  grade  of  the  Neo- 
cene channel  must  have  been  brought  about  by  the  differential  upUft  on  the  east,  resulting 
in  a  tilting  of  the  range  westward." 

It  is  probable  that  some  of  the  phenomena  observed  by  the  present  writer  are  to  be  ex- 
plained by  the  post-Tertiary  uplift.  At  certain  places,  especially  in  the  vicinity  of  Mount 
Whitney,  isolated  and  inclined  table-lands  terminated  by  nearly  perpendicular  cliffs,  inter- 
rupt the  continuity  of  the  general  slope  of  the  mountains.  Some  of  these  table-lands  have 
concave  and  others  convex  surfaces.  One  with  a  concave  surface  appears  in  the  distance 
at  the  right  in  PI.  II,  B.  They  are  found  in  considerable  numbers  near  Mount  Whitney  at  an 
elevation  of  over  10,000  feet  and  they  do  not  occur,  so  far  as  observed,  below  that  elevation. 
The  rock  floors  of  the  gorges  and  cirques  separating  the  table-lands  give  abundant  evi- 
dence of  glaciation.  Polished  and  grooved  surfaces  and  glacial  lakes  are  numerous.  PI.  IV 
is  a  view  from  **  the  meadow  "  on  the  Mount  Whitney  trail  in  one  of  these  gorges.  The  cliff 
is  the  side  of  one  of  the  table-lands.  In  this  case  the  table  is  a  concave  surface  of  consid- 
erable extent  and  slopes  steeply  to  the  east. 

The  ancient  slope  represented  by  these  table-lands  is  not  in  harmony  with  the  general 
steep  eastern  face  of  the  Sierra  Nevada,  and  obviously  it  was  formed  before  these  mountains 
attained  their  present  elevation.  On  the  other  hand,  the  deep  gorges  and  wide  cirques 
separating  the  table-lands  give  evidence  of  extensive  erosion  after  the  development  of  this 
ancient  surface.    They  also  indicate  glaciation  near  the  close  of  this  period  of  erosion. 

The  succession  of  events,  as  inferred  from  the  phenomena  above  described,  is  as  foUows: 
Previous  to  the  last  great  uplift  of  the  Sierra  Nevada  the  land  surface  in  the  vicinity  of 
Mount  Whitney  was  one  of  low  relief  and  gentle  slopes.  The  uplift  of  the  mountains,  pre- 
sumably at  the  close  of  the  Tertiary,  was  followed  by  a  period  of  rapid' erosion  of  the  now 
precipitous  eastem  face  of  the  range.  Near  the  close  of  this  period  the  newly  formed  val- 
leys (PI.  IV)  were  occupied  by  glaciers.  How  long  they  were  thus  occupicnl  and  whether 
the  glaciers  were  major  or  minor  factors  in  excavating  the  valleys  are  questions  to  which 
DO  answer  is  here  offered. 

LATE  QUATERNART  MOVEMENTS. 

A  movement  of  recent  date  in  the  White  Mountains  (Inyo  Range)  has  been  described  by 
Walcott  f>f  who  shows  that  a  difference  in  elevation  of  about  3,000  feet  has  been  effected 
within  the  range  in  comparatively  recent  geologic  time.  The  lake  beds  of  the  Waucobi  em- 
bayment,  which  are  of  late  Pliocene  or  Quaternary  age,  have  been  tilted  until  at  their  eastem 
border  they  are  3,000  feet  higher  than  at  their  western  border  in  Owens  Valley.  Walcott 
suggests  that  the  movement  which  tilted  these  beds  occurred  in  late  Quaternary  time.  This 
opinion  is  based  mainly  on  the  occurrence  of  a  recently  formed  fault  scarp,  the  truncation 
of  spurs,  and  the  presence  of  lai^  springs  along  the  line  of  the  fault,  and  the  formation  of 
pools  and  bogs  on  land  formerly  crossed  by  wagon  roads.  Lindgren  c  has  described  a  recent 
fault  at  the  base  of  the  Sierra  Nevada,  near  Oenoa,  where  (^atemary  deposits  have  been 


«  Turner,  H.  W.,  Post-Tertiary  elevation  of  the  Sierra  Nevada:  Bull.  Geol.  Soc.  America,  vol.  13, 
1903^p.  540-641. 
*  Walcott,  C.  D.,  The  post-Pleistocene  elevation  ol  the  Inyo  Range:  Jour.  Geol.,  vol.  5,  1807,  pp. 

t  Lindgren,  W.,  Age  of  the  auriferous  gravels  of  the  Sierra  Nevada:  Jour.  Oeol.,  voL  4, 1896,  p.  902. 
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displaced  40  feet,  and  evidences  of  still  more  recent  faulting  are  found  in  Owens  Valley. 
During  the  earthquake  of  1872,  described  by  Whitney  o  and  later  by  Gilbert,  Russell,  and 
others,  faulting  occurred  throughout  the  valley  along  the  base  of  the  Sierra  Nevada. 

EFFECrrs  OP  OWENS   VALLEY  EARTHQUAKE. 

The  more  important  geologic  effects  of  the  earthquake  described  by  Whitney  ^  are  fissures 
in  the  soil  or  rock,  alterations  of  level  of  the  different  parts  of  the  valley,  either  temporary  or 
permanent,  changes  in  the  water  courses,  and  accumulations  of  water  in  depressions  formed 
by  the  earthquake.    The  author  says: 

From  Haway  Meadows  to  Big  Pine  Creek  we  met  frequent  cracks  in  the  earth,  areas  of  sunken  ground, 
depressions  partly  flUed  with  water,  and  regions  where  motions  of  the  surface  soil  had  taken  place  either 
in  a  vertical  or  horiiontal  direction.  The  direction  of  these  T.ssures  is  almost  always  nearly  parallel 
with  that  of  the  base  of  the  mountains,  although  in  a  few  instances  they  run  diagonally  across  the  valley. 
.  .  .  Near  Big  Pine  .  .  .  there  is  a  series  of  extensive  fissures,  which  may  be  traced  uninterrupt- 
edly for  several  miles.  In  one  place  an  area  of  ground  200  or  300  feet  wide  has  sunk  to  the  depth  of  30 
or  30  feet  in  places,  leaving  vertical  walls  on  each  side,  and  these  depressions  have  become  partly  filled 
with  water,  so  that  ponds  have  been  formed  of  no  inconsiderable  size.  One  noticed  was  fully  one-third 
of  a  mile  in  length,  and  would  have  been,  much  larger  had  not  the  depression  been  so  situated  as  to  olTord 
partial  drainage  of  the  area  at  one  end,  so  that  the  basin  could  not  be  entirely  f.Ued.  .  .  .  There 
are  several  places  in  the  valley  where  Hssures  in  the  ground  have  crossed  roads,  ditches,  and  lines  of 
fences,  and  where  evidence  has  been  left  of  an  actual  moving  of  the  ground  horizontally  as  well  as 
vertically.  One  of  these  Instances  of  horizontal  motion  is  seen  on  the  road  from  Bend  City  to  Inde- 
pendence, about  3  miles  east  of  the  latter  place.  ITere,  according  to  a  careful  diagram  of  the  locality 
drawn  by  Captain  Scoones,  it  appears  that  the  road  running  east  and  west  has  been  cut  aff  by  a« 
fissure  12  feet  wide  and  the  westerly  portion  of  it  carried  18  feet  to  the  south.  The  same  thing  was 
noticed  by  us  at  Lone  Pine  and  Big  Pine  with  regard  to  fences  and  ditches,  the  horizontal  distance 
through  which  the  ground  had  been  moved  varying  from  3  to  12  feet. 

The  distribution  of  volcanic  vents  and  hot  springs  along  the  supposed  fault  line  at  the 
base  of  the  Sierra  Nevada  escarpment  is  suggestive  of  movement  along  that  lino  in  compara- 
tively recent  time.  To  judge  from  Walcott's  description  of  the  Waucobi  region,  Lindgren's 
description  of  the  Genoa  region,  and  Whitney's  description  of  Owens  Valley,  it  is  not  unlikely 
that  movements  may  still  be  in  progress.  According  to  Whitney  the  earthquake  of  1872 
was  the  most  severe  and  disastrous  that  had  been  known  on  the  Pacific  coast.  The  shock 
was  felt  over  the  greater  part  of  California  and  Nevada  and  southward  far  into  Mexico.  The 
area  of  greatest  disturbance  and  greatest  destruction  of  life  and  property  was  in  Owens  Val- 
ley along  a  line  parallel  with  the  face  of  the  Seirra  Nevada. 

UNDERGROUND  WATERS. 
ARTESIAN  CONDITIONS. 

GENERAL  STATEMENT. 

From  the  descriptions  of  the  geology  and  structure  it  is  evident  that  Owens  Valley  is  a 
well-defined  structural  basin  formed  by  the  older  rocks  and  partly  filled  with  younger  sedi- 
ments. These  sediments,  which  were  accumulated  both  as  lake  deposits  and  as  debris  from 
near-by  mountain  slopes,  vary  greatly  in  physical  character.  Lenticular  deposits  of  sand, 
clay,  and  gravel  occur  in  the  valley  fill,  and  at  the  sides  wedge-shaped  masses  of  coarse  moun- 
tain wash  are  probably  interbeddcd  with  the  finer  lake  deposits.  The  extent  and  distribu- 
tion of  the  various  kinds  of  material  composing  the  valley  fill  can  only  be  conjectured,  since 
the  well  data  obtained  are  insufficient  to  establish  definite  relations  between  them. 

The  outline  of  the  basin,  together  with  such  indications  of  the  structure  of  the  fill  as  could 
be  obtained,  indicates  that  the  valley  is  a  well-defined  artesian  basin;  but  whether  the  under- 
ground conditions  are  such  as  to  produce  flowing  wells  over  a  considerable  portion  of  the 
basin  can  not  be  stated.    A  number  of  wells  have  been  sunk  in  the  valley  to  moderate  depths 


o  Whitney,  J.  D.,  The  Owens  Valley  earthquake:  Overland  Monthly,  June,  1872. 
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VIEW  FROM   "THE   MEADOW"  ON  THE   EASTERN   SLOPE  OF  MOUNT  WHITNEY. 
Showing  precip'tous  cliffb  and  the  glaciated  cha'-actc  of  the  bottom  of  the  gorge. 
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and  some  of  them  yield  flows.  No  definite  records  of  these  wells  have  been  preserved,  and 
all  the  available  well  data  are  insufficient  to  furnish  a  thorough  knowledge  of  the  under- 
ground conditions. 

WELL  RECORDS. 

Inyo  De^^dopmeni  Company. — ^A  well  at  Keeler  owned  by  the  Inyo  Development  Company 
is  the  only  one  in  Owens  Valley  having  a  strong  artesian  flow.     It  was  drilled  in  1902,  is  465 
feet  deep,  and  penetrates  7  gravel  layers,  all  of  which  contain  water  under  strong  pressure. 
For  the  upper  190  feet  the  well  is  cased  with  6-inch  pipe,  inside  of  which  there  is  a  4-iBch  pipe 
extending  from  the  surface  to  the  bottom.    The  flrst  flow  was  found  at  a  depth  of  S5  feet. 
The  water  flowing  from  the  outer  casing  enters  the  bottom  of  the  pipe  at  a  depth  of  190  feet 
and  is  under  sufficient  pressure  to  rise  20  feet  above  the  surface.     It  is  too  saline  for  use,  as  it 
contains  laige  quantities  of  ''alkali,''  common  salt,  calcium  carbonate,  hydrogen  sulphide, 
etc.     The  water  from  the  465-foot  level  is  much  better,  but  it  is  not  used  for  domestic  pui^ 
poses  on  account  of  its  large  content  of  hydrogen  sulphide.    It  seems,  however,  to  be  com- 
paratively free  from ''alkali,"  salt,  and  lime,  as  it  has  been  used  satisfactorily  for  two  years  in 
the  boilers  of  the  soda  works.    The  pressure  from  the  lower  horizon  lifts  the  water  in  a  pipe 
35  feet  above  the  surface.    Nothing  was  learned  regarding  the  five  other  watei^bearing  hori- 
zons which  were  encountered.    The  well  flows  about  550  gallons  per  minute,  and  since  the 
casings  are  not  perforated  this  amount  enters  only  at  the  bottoms  of  the  two  pipes.    It  is 
evident  that  a  much  greater  supply  could  be  obtained  by  using  p>erforated  casings,  so  as  to 
admit  water  from  the  other  five  artesian  horizons.     Both  horizons  furnishing  water  contain 
natiiral  gas,  which  escapes  with  the  water  at  the  surface.    A  preliminary  test  indicated  that 
the  well  yields  about  1  cubic  foot  of  gas  per  second.     It  has  satisfactory  illuminating  propeiv 
ties  and  might  be  used  to  advantage  if  obtained  in  sufficiently  laige  quantities. 

Olanche. — A  well  near  Olanche  80  feet  deep  failed  to  obtain  artesian  water.  The  material 
penetrated  in  this  boring  was  lai^Iy  granite  wash  and  sand. 

Dodge  Brothers*  weU. — ^The  Dodge  Brothers  have  made  three  attempts  to  obtain  artesian 
water  near  Lone  Pine.  The  deepest  boring  went  down  160  feet.  In  each  case  the  attempt 
failed,  probably  in  large  measure  on  account  of  the  use  of  unsuitable  machinery. 

Spear* 8  well. — A  well  at  Lone  Pine,  owned  by  Mr.  R.  C.  Spear,  has  a  depth  of  184  feet 

No  coarse  gravel  or  bowlders  were  found,  and  the  boring  was  stopped  by  hard  rock  which 

the  drill  could  not  penetrate.    No  water  was  struck  under  pressure  sufficient  to  yield  a  flow. 

WrinJde*8  well. — About  6  miles  north  of  Lone  Pine  a  well  on  Wrinkle's  ranch,  80  feet 

deep,  yields  a  slight  flow. 

Roeper's  weU. — Mr.  J.  C.  Roeper  has  a  7-inch  well  250  feet  deep  on  his  farm  in  sec.  30, 
T.  14  S.,  R.  36  E.  Several  horizons  were  encountered  with  water  under  sufficient  pressure 
to  cause  a  slight  flow.  Since  its  construction  the  well  has  practically  ceased  to  flow  and 
now  yields  scarcely  enough  water  for  domestic  use. 

WeU  near  Black  Rock  Spring. — A  well  about  10  miles  north  of  Independence  was  bored 
to  a  depth  of  180  feet.  Nothing  except  detrital  material  was  encountered.  Water  was 
found  from  a  depth  of  5  feet  downward,  but  it  was  not  imder  hydrostatic  pressure. 

(7oe'»  weUs. — ^Three  wells  have  been  bored  by  Mr.  J.  H.  Coe.  The  first,  in  sec.  3,  T.  9  S., 
R.  34  E.,  is  a  5-inch  well,  160  feet  deep.  Three  water-bearing  strata  were  foimd,  separated 
by  layers  of  bhie  clay,  but  no  water  was  obtained  under  pressure  sufficient  to  produce  a 
flow.  Thesecond  welljinsec.  4,T.  9S.,R.  34E.,isl75feetdeep.  In  this  well  several  gravel 
strata  were  encountered  containing  water  under  some  pressure,  but  yielding  no  flow.  The 
third  well,  in  sec.  26,  T.  9  S.,  R.  34  E.,  is  180  feet  deep.  The  material  penetrated  consists 
of  alternating  layers  of  gravel  and  clay.    Water  rose  a  short  distance  in  this  well. 

Bishop. — There  are  two  small  flowing  wells  at  Bishop,  but  no  record  of  them  could  be 
obtained.  They  are  drilled  wells  and  are  said  to  be  about  200  feet  in  depth.  The  yield  is 
only  a  few  gallons  per  minute  and  the  pressure  is  less  than  3  pounds.  Had  the  location 
been  on  ground  a  few  feet  higher  the  water  would  not  have  flowed.  On  the  other  hand,  a 
well  on  lower  groimd  might  strike  a  larger  flow. 
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Longley^s  well. — ^Mr.  A.  W.  Longley  has  a  well  about  6  miles  west  of  Bishop^  in  Round 
Valley.  It  is  401  feet  deep  and  is  Donflowing,  but  it  supplies  by  pumping  all  the  wat-er 
desired. 

Minor  xodU. — In  addition  to  the  wells  already  described  there  are  several  places  in  the 
valley  where  pipes  driven  20  to  30  feet  yield  flowing  water.  While  the  water  in  these 
wells,  as  well  as  in  those  at  Bishop,  is  under  more  or  less  hydrostatic  pressure,  this  pressure 
is  so  slight  that  the  wells  are  of  small  value. 

FLOWING  ABKA. 

From  a  consideration  of  the  wells  just  described  it  is  evident  that  the  only  place  within 
Owens  Valley  where  conditions  of  flow  worthy  of  note  are  now  known  to  exist  is  at  Keeler.a 
Considered  as  a  whole,  however,  the  valley  is  an  artesian  basin  in  the  sense  that  undei^ground 
water  exists  in  itninder  more  or  less  hydrostatic  pressure;  but  the  basin  is  small  and  the 
catchment  area  is  practically  limited  to  the  space  between  the  confining  mountains.  No 
considerable  volume  of  artesian  water  from  a  catchment  area  outside  of  the  valley  proper 
enters  Owens  Valley.  The  outcrops  of  sedimentary  formations  to  the  east  are  of  smaJl 
extent  and  in  a  desert  region,  while  the  granite  to  the  west  precludes  all  possibility  of  any 
notable  underflow  from  that  direction.  The  underground  supply  therefore  is  derived 
mainly  from  the  water  entering  the  valley  as  streams  from  the  Sierra  Nevada,  which  finds 
its  way  downward  through  the  gravels.  Hence  any  artesian  conditions  which  may  exist 
are  confined  to  the  narrow  limits  of  the  valley  floor. 

The  flowing  wells  at  Bishop  and  Reeler,  situated,  as  they  are,  near  the  opposite  extremities 
of  the  valley,  might  suggest  that  the  conditions  are  favorable  for  flowing  wells  throughout 
the  valley,  but  several  wells  between  these  two  localities  have  penetrated  at  least  to  the 
level  of  the  upp)er  horizon  at  Keeler  without  obtaining  flows.  It  is  worthy  of  note  in  this 
connection  that  in  the  Keeler  well  the  lower  flow  has  a  greater  pressure  than  the  upper, 
the  water  from  the  190-foot  level  rising  20  feet  and  that  from  the  465-foot  level  35  feet 
above  the  surface.  It  is  possible  that  wells  deeper  than  those  which  have  failed  mi^t  find 
flowing  water  throughout  the  valley. 

There  are  two  possible  structures  of  the  valley  fill  to  be  considered  in  connection  with  the 
subject  of  artesian  conditions.  On  the  one  hand  it  may  consist  of  comparatively  uniform 
and  continuous  layers  of  alternating  pervious  and  impervious  material  with  moderately 
regular  successions  throughout  the  valley.  In  this  case  a  flowing  well  at  one  point,  as  at 
Keeler,  would  indicate  a  reasonable  possibility  of  procuring  flowing  water  at  other  localities 
similarly  situated.  On  the  other  hand,  the  distribution  of  the  pervious  and  impervious 
material  may  be  irregular,  in  which  case  isolated  bodies  of  water-bearing  sands  may  occur, 
yielding  flowing  wells,  while  a  few  miles  distant  very  different  conditions  may  prevail. 

NONFLOWINO  A&EA. 

A  large  amount  of  water  under  no  hydrostatic  pressure  occiu^  throughout  Owens  VaDey. 
All  the  shallow  wells  encounter  it  within  a  few  feet  of  the  surface,  and  the  bored  weUs,  with 
the  exception  of  the  few  just  described,  show  water  without  hydrostatic  pressure  to  a  depth 
of  nearly  200  feet.  These  wells  penetrate  layers  of  sand  and  gravel  separated  by  layers  of 
clay.  The  absence  of  hydrostatic  pressure,  however,  indicates  that  the  porous  beds  may 
be  so  intimately  connected  that  they  virtually  form  one  body  of  sediment  throu^  which 
the  water  has  free  communication. 

UTILIZATION   OF  UNDEBG  ROUND  WATEBS. 

PUMPING  PLANTS. 

Pumping  water  for  irrigation  has  received  but  little  attention  thus  far  in  Owens  Valley, 
No  pump,  so  far  as  could  be  learned,  has  ever  been  given  a  trial  in  the  valley,  and  as  there 


o  It  Is  possible  that  the  strong  flow  at  Keeler  is  due  in  some  measure  to  the  pressure  of  the  natural 
sas.  The  gas  escaping  with  the  water  lightens  the  ooliunn  in  the  well  and  helps  to  raise  Uie  water,  a 
principle  utilized  in  wells  using  the"  air  un."  r-  i» 
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are  no  experiments  from  which  inference  may  be  drawn  the  subject  must  be  considered 
entirely  from  surface  indications. 

Since  the  valley  fill  is  composed  largely  of  loose  detrital  material,  it  has  a  laiige  capacity 
for  holding  water,  and  since  the  valley  is  an  inclosed  basin,  with  the  granite  extending 
continuously  across  it  south  of  Owens  Lake,  there  is  little  opportunity  for  water  to  escape 
throu^  undei^ground  passages.  As  there  is  a  continuous  inflow,  amounting  to  about 
395,000  acre-feet  per  year,  and  as  this  inflow  passes  over  loose  detrital  matter,  there  is 
large  opportunity  for  water  to  pass  undei^ground.  All  things  considered,  Owens  Valley 
presents  ideal  conditions  for  the  accumulation  of  under^ground  water.  Some  of  the  observed 
facts  bearing  on  this  subject  are  as  follows: 

There  are  many  places  throughout  the  bottom  lands  where  small  swamps  and  lowlands 
producing  swamp  vegetation  indicate  that  water  is  near  the  surface.  The  wells  through- 
out the  valley  contain  water  within  a  few  feet  of  the  surface.  The  water  table  on  the 
Sierra  Nevada  side  is  somewhat  steeply  inclined,  owing  to  the  numerous  streams  entering  the 
valley  from  those  mountains.  Cellars  were  observed  with  water  a  foot  or  more  in  depth 
and  having  a  distinct  current  toward  the  lowlands,  which  indicates  a  somewhat  rapid  rate 
of  underflow.  There  are  wells  into  which  water  flows  in  streams  from  the  sides  near  the 
top  and  from  which  it  escapes  at  a  lower  level.  Streams  from  the  mountains  diminish  in 
Tohime  to  a  notable  extent  as  they  flow  over  the  detrital  matter,  the  smaller  ones  pass- 
ing completely  beneath  the  surface.  In  the  lava  fields  north  of  Independence  water 
becomes  confined  beneath  the  sheets  of  lava  and  issues  as  lai^  springs.  Black  Rock 
spring  is  a  good  example  and  is  said  to  yield  about  3,500  gallons  per  minute.  Soldier 
spring,  a  few  miles  farther  north,  yields  about  2,500  gallons  per  minute. 

A  comparison  of  the  coarse  detritus,  lai^  water  supply,  and  closed  condition  of  the 
basin  of  Owens  Valley  with  the  conditions  in  other  regions  where  the  underground  waters 
have  been  developed  indicates  that  the  pumping  of  water  for  irrigation  in  this  valley 
might  be  made  very  successful.  At  present  much  land  is  being  injured  by  the  misuse  of 
water.  Small  swamps  are  being  developed  in  many  places,  especially  in  the  vicinity  of 
Bishop,  by  the  diversion  of  too  much  water.  Lands  which  were  formerly  part  of  the 
unproductive  desert  have  been  changed  into  unhealthy  swamps.  A  system  of  pumps 
might  be  so  arranged  as  not  only  to  utilize  the  underground  waters,  but  to  drain  the  land 
wherever  necessary. 

POWER  PLANTS. 

Many  of  the  streams  entering  Owens  Valley  from  the  higher  portions  of  the  Sierra 
Nevada  are  of  sufllicient  volume  and  gradient  to  produce  a  large  amount  of  power.  These 
streams  are  all  mountain  torrents,  and  numerous  places  are  available  for  the  establishment 
of  power  plants  at  no  great  distance  from  the  lowlands  of  the  valley.  There  is  no  Jack 
of  available  power  and  no  obvious  reason  why  it  should  not  be  employed  in  raising  the 
undeiground  waters  of  the>  valley  for  irrigation  or  used  in  any  other  manner  desired. 

RESERVOIR  SITE. 

Preliminary  surveys  of  Long  Valley  have  been  made  by  the  Reclaniativm  Service  to 
determine  the  practicability  of  converting  this  depression  into  a  storage  reservoir.  The 
dam  site  for  this  project  is  at  the  lower  end  of  Long  Valley,  where  Owens  River  cuts  a 
narrow  gorge  in  the  recent  volcanic  rocks.  The  surplus  water  of  Owens  River  impounded 
in  this  reservoir  would  be  used  in  reclaiming  the  desert  lands  of  the  lower  part  of  Owens 
Valley. 

Long  Valley  is  a  shallow  depression  about  15  miles  long  and  8  miles  wide  nearly  sur- 
rounded by  volcanic  rocks.  It  may  be  due  in  some  measure  to  local  subsidence,  but  is 
more  probably  due  to  the  deposition  of  volcanic  material  as  a  dam  across  a  portion  of  an 
older  vaDey.  This  created  a  lake  in  Long  Valley,  in  which  were  deposited  the  Quater- 
nary sediments  shown  on  a  geologic  map  of  this  region  by  Spurr.a    This  lake  was  evi- 


oSpurr,  J.  E.,  Bull.  U.  S.  Geol.  Survey  No.  208,  1903. 
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deDtly  of  short  duration,  for  the  beach  lines  are  not  continuous  and  are  nowhere  promiDent, 
and  the  delta  deposits  formed  by  the  streams  which  entered  the  lake  are  comparatively 
small. 

There  was  at  first  some  doubt  concerning  the  ability  of  the  tuff  to  hold  the  water  <^ 
the  reservoir,  for  it  is  of  a  soft,  spongy  nature,  easily  crushed,  though  not  easily  fractured. 
Subsequent  tests  have  shown,  however,  that  the  rock  is  very  resistant  and  sufficiently 
impervious  for  all  required  purposes. 

EFFECT  OF  SEISMIC  DISTURBANCES. 

In  the  west  end  of  Long  Valley  the  largest  hot  springs  of  the  region  are  found.  The 
mud  geyser  described  on  page  9  is  also  m  this  vicinity.  The  most  recent  volcanic 
craters  of  the  region,  of  which  Panum  Crater  (Pi.  V,  A)  is  an  example,  occur  a  few  miles 
to  the  north  of  the  springs,  and  the  zone  of  faclting  believed  to  be  at  the  foot  of  the  Sierra 
Nevada  passes  near  if  not  actually  through  Long  Valley.  It  is  believed  by  many  geolo- 
gists that  a  slipping  in  this  fault  zone  caused  the  earthquake  of  1872,  described  by  Whit- 
ney in  the  article  previously  quoted  (p.  12).  There  is  no  reason  to  suppose  that  disturb- 
ances of  this  kind  are  at  an  end  and  that  an  earthquake  similar  to  the  one  of  1872,  which 
has  been  recognized  as  one  of  the  most  severe  shocks  ever  experienced  in  America,  should 
not  be  repeated  at  any  time  a  A  consideration  of  the  surface  movements,  both  temporary 
and  permanent,  which  caused  that  shock  and  of  the  fact  that  the  proposed  reservoir  loca- 
tion IS  near  the  line  of  faulting,  indicates  the  possibility  that  future  earthquakes  may 
bring  serious  consequences  to  any  system  of  water  storage  in  Owens  Valley.  On  the 
other  hand,  more  than  a  quarter  of  a  century  has  passed  without  notable  disturbance  of 
the  region. 

STRUCTURAL  MATERIALS. 

BUILDING   STONE. 

Granite  of  excellent  quality  for  building  purposes  is  found  throughout  the  Sierra  Nevada 
west  of  Owens  Valley.  An  exposure  of  this  rock  occurs  within  a  few  miles,  of  the  site  of 
the  proposed  dam  The  andesitic  tuff  is  also  used  to  some  extent  in  this  region  as  a  build- 
ing stone.  It  is  so  soft  that  it  may  be  hewn  with  an  ax,  but  it  is  surprisingly  resistant  to 
strain  and  to  the  influence  of  the  weather  Exposed  clifl's  50  to  150  feet  high  maintain 
rugged  and  sharp  outlines.  The  material  often  changes  within  short  distances  from  a  soft 
ash  to  a  well-consolidated  tuff. 

MATERIAL  FOR  CEMENT. 

When  the  investigation  of  the  Owens  River  project  was  undertaken  by  the  United  States 
Reclamation  Service,  it  was  suggested  by  J.  B.  Lippincott,  engineer  in  chaiige,  that  the  vol- 
canic ash  known  to  exist  in  the  vicinity  of  the  reservoir  site  might  be  mixed  with  Portland 
cement  for  use  in  the  construction  of  the  proposed  dam  and  that  this  might  greatly  reduce 
the  cost  of  construction.  During  the  course  of  the  investigation,  however,  it  was  discov- 
ered that  limestone,  clay,  and  a  natural  cement  material  also  occur  in  abundance  in  Owens 
Valley. 

It  was  found  that  the  volcanic  rocks  in  the  vicinity  of  Long  Valley  (see  p.  8)  are,  so 
far  as  observed,  fairly  uniform  in  character.  Samples  were  taken,  therefore,  at  the  site 
of  the  proposed  dam,  in  order  that  tests  might  be  made  to  gain  some  knowledge  of  the 
strength  of  the  abutments  and  of  the  cement-making  qualities  of  the  tuff.  At  the  dam 
site  the  rock  is  more  resistant  and  more  uniformly  consolidated  than  in  some  other  locali- 
ties, but  does  not  difl'er  in  other  respects  from  the  less  consolidated  portions.  The  tuff  has 
not  yet  been  tested  for  cement  making,  but  some  of  its  physical  properties,  as  ascertained 
by  the  division  of  physical  and  chemical  research  of  the  United  States  Geological  Survey, 
are  as  follows:  f> 


a  Tbe  San  Francisco  earthquake  occurred  after  the  above  paragraph  was  written. 
t>  Data  furnished  by  J .  C.  Clausen,  engineer  of  the  United  States  Reclamation  Service. 
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A.     PANUM  CRATER.  NEAR  MONO  LAKE. 

The  rim  of  the  crater  is  composed  of  loose  volcanic  cinders  and  the  central  core  of  somewhat 
scoriaceous  obsidian. 


j:      CROOKED  CREEK  NEAR  LONG  VALLEY  DAM  SITE. 

A  gorge  carded  in  ihf  volcanic  tuffs  south  of  Long  Valley. 
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Phyncal  properties  of  tuff  from  Long  V  alley,  Calif omia. 

Specific  gravity,  dry 1.63 

Specific  gravity,  saturated  with  water 1.91 

Gain  in  weight  after  saturating  with  water per  cent. .  24 

Weight  per  cubic  foot  dry pounds. .  95. 62 

Weight  per  cubic  foot,  saturated  with  water do —  119.37 

The  Bureau  of  Ordnance,  I>epartment  of  the  Navy,  reports  on  the  crushing  strength  of 
this  rock  as  follows:  Test  No.  1  crushed  at  2,056  pounds  per  square  inch;  test  No.  2  crushed 
at  1,725  pounds  per  square  inch.  Edward  Ehiryee,  of  the  United  States  Reclamation  Serv- 
ice, reports  the  specific  gravity  of  the  same  kind  of  rock  as  2.19. 

Limestones  and  marhle  are  abundant  in  Owens  Valley,  especially  on  the  flanks  of  the 
White  Mountains.  Clay  is  found  in  the  valley  floor  and  in  the  form  of  shale  and  slate  on 
the  mountain  slopes.  It  is  thought  that  these  materials  may  be  found  suitable  for  the 
manufacture  of  cement. 

In  the  western  bluff  of  Owens  Lake,  near  the  mouth  of  Cottonwood  Creek,  occurs  a 
stratum  of  flne  material  about  8  feet  thick,  which  seems  to  be  composed  of  a  mixture  of 
flne  volcanic  ash  and  clay.  J.  F.  Holloway,  who  owns  a  ranch  near  this  point,  has  taken 
some  interest  in  this  deposit  in  the  hope  that  it  may  prove  of  value  in  the  construction  of 
cAnals.  At  his  request  the  material  was  examined  by  Mr.  Cooper,  formerly  State  minei^ 
alogist  of  California,  who  states  that  "with  the  addition  of  lime  the  material  would  make 
a  good  Portland  cement."  The  material  was  also  examined  for  flneness  by  E.  C.  Preble  of 
Chicago.  Of  two  samples  tested  by  him,  11.9  per  cent  and  22  p)er  cent,  respectively,  were 
left  on  a  lOQ-mesh  sieve.  He  suggests  that  with  the  addition  of  proper  quantities  of  lime 
a  good  cement  could  be  manufactured.  A  deposit  of  this  material  is  shown  in  PI.  V,  A. 
Where  the  blocks  fallen  from  the  clifl"  have  been  acted  on  by  the  lake  water,  the  material 
has  been  distinctly  hardened,  owing  to  the  deposition  of  carbonate  of  lime,  and  is  notably 
changed  in  chemical  composition.  Samples  of  both  the  original  and  the  altered  material 
were  collected,  and  have  been  analyzed  by  Edward  Duryee,  of  the  United  States  Reclama- 
tion Service,  as  follows: 

Analysis  of  cement  rock  from  (hoens  Lake. 


Silica 

Oxide  of  iron  and  alumina. 

Carbonate  of  lime 

Carbonate  of  magnesia 


Unaltered 
material. 

71.50 
22.02 

2 

2.40 

Altered 
material. 

14 

5.64 

74.98 

4.37 

Commenting  on  these  analyses,  Mr.  Duryee  says:  ''  The  analysis  of  No.  2  [the  altered 
material]  indicates  that  the  material  is  suitable  for  making  Portland  cement  by  burning  it 
at  the  proper  temperature.  If  further  examination  shows  the  deposit  to  be  extensive  and 
uniform  in  composition  and  free  from  insoluble  sand,  it  is  a  Portland  cemen^  rock." 

CLIMATE. 

RAINFALL.. 

Owens  Valley  is  cut  off  from  the  supply  of  moisture  on  the  east  and  south  by  a  long  stretch 
of  desert  and  on  the  west  by  high  mountains.  As  previously  stated  the  moisture-laden 
winds  from  the  Pacific  Ocean  lose  much  of  their  moisture  in  passing  over  the  Sierra  Nevada 
before  reaching  the  Owens  Valley  region.  The  result  of  these  conditions  is  the  heavy  pre- 
cipitation near  the  top  of  the  range,  while  desert  conditions  prevail  in  the  valley  only  a 
few'miles  to  the  east.  The  available  information  regarding  the  rainfall  in  the  valley  is  con- 
tained in  the  following  tables: 
IRR  181—06 2 
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Record  of  precipitation  at  Bishop  Creek f  Inyo  County,  Cat.  ^ 
[Lat.,  370  21';  long.,  118^  22^;  elevstioo,  4,460  feet.    Authority,  Southern  Pftciflc  Railroad.] 


Year. 

Sept. 

0.12 

0 

0 

0 
.15 

0 

0 
.69 
.19 

0 
.19 
T. 
T. 
.05 
.09 
.41 

0 
.39 

0 

Oct. 

0" 

.02 
0 

.15 
0 

.03 
0 
0 

.20 
0 
0 

.16 
T. 

.39 
0 

.14 

.03 

.81 

Nov. 

0 
0 

0.35 
0 

.05 
1.72 

.35 
0 
0 
1.42 

.10 
0 

.15 

T. 

T. 

.21 

.05 
2.60 

.61 

Dec. 

0.38 

1 

0 
.20 

1.10 
.40 

1.20 

1 

3.52 

2.27 
.49 

1.18 
T. 
.16 
.49 
.11 

1.05 
.17 
.12 

Jan. 

Feb. 

Mar. 

Apr. 

0.05 
.14 
.38 
.35 

0 
.12 

0 

0 

0 

0 
.05 
.29 
.05 

0 
.21 
.64 
.60 
.50 
.61 

May. 

0 
0 

0.55 
0 

.30 
0 
2.90 

.25 

June.  July. 

0       :  0 
0       ,  0 

0      : 0 

0.35     0 
.35     0.20 

0      '0 

0          0 

0          0 

T.     0 

Aug. 

1883-84 

0.62 

0 

1.03 

.65 
1.37 

.10 
4.75 
0 

.10 
1.22 

.30 
1.10 
1.07 

.32 

.05 
1.65 

.49 
4.80 

.07 

0.64 
0 

1.58 
.47 
.60 
.30 

3.70 
.70 

1.12 
.75 
.50 

0 

1.67 
.13 

0 
.01 

1.01 
.55 

0.94 
.67 
.50 

0 
.05 

1.46 

0 
.28 

1.10 
.15 
.09 
.23 
.60 

1.75 
T. 
T. 
.54 
T. 

1.63 

0 

1884-85 

0 

1885-86 

0 

1886-87 

0 

1887-88 

0        ' 

1888-89, 

0 

1889-00 

0.50 

1890-91 

.03 

1801-92 

0 

1802-93 

0        '  0           1.05 

T. 

1893-94 

T. 
.15 
.03 
.12 
.27 
.02 
.34 
1.29 
.06 

.35        T. 
.11        -21 

.23 

1894-95 

.07  . 

1895-96 

0 

T. 

T. 
0 

.12 

T. 
0 

.57 
.01 
T. 

0 
T. 

0 
T. 

.06  ' 

1896-97 

.06 

1897-98 

.OS 

1896-99 

n> 

1899-1900 

1900-1901 

1901-2 

0 
.93 
.12 

19-year  mean. 

1 

1 

2.« 
1.81 
2» 

AM 

:.i3 

ft.  60 

ift 

7.43 
2.55 
3.83 
2.09 
4.13 

i.m 

30 
3.94 
U.flO 
4.48 

4.53 


«  Water-Sup.  and  Irr.  Paper  No.  81,  U.  S.  Oeol.  Survey,  1903,  p.  426. 

Record  of  precipitation  at  Keder^  Inyo  County ^  Cal.o 
[Lat.,  36*»  35';  long.,  117*  50^;  elevation,  3,622  feet.    Authority,  Southern  Pacific  Railroad.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan.  1  Feb. 

Mar. 

Apr. 

0.20 
.82 
.40 

1.14 
.12 
.12 
.10 

0 

0 

0 
T. 
.25 
T. 

0 
.05 
.01 

1.25 
T. 

0 

May. 

1.60 

0 

0 
.04 
.30 
.06 
.20 
.37 
.56 
T. 
T. 
T. 
.15 
T. 

0 
T. 
.23 
.40 

0 

June 

0.80 
.06 

0 
T. 
.20 
.01 

0 
.30 
T. 

0 
T. 
T. 
T. 

0 

0 
.50 
T. 

0 

0 

July. 

0 
0 

.14 

.52 

.17 
0 
.    T. 

.06 
0 
1.41 

.11 

T. 

.25 
0 
0 

T. 

.10 
0 

T. 

Aug. 

0.20 
.11 
.08 

0 
.10 
T. 

1.71 
.02 

0 
T. 

0 
T. 

1.42 
.19 

0 
T. 
T. 
.90 
T. 

ToUL 

1883-84 

*1» 

1884-85 

0 
0 

0 
0  a** 

0 

0.65 
.08 
.01 

1.68 
.05 
.12 

0 
.11 
.03 

0 

0 

\. 

T. 
1.75 

.45 
0 

0.70 
.36 

0 
.48 
.82 
.56 
.22 
.31 
.54 

1.48 

1.05 
T. 
.25 
T. 
.30 
T. 

0 

0 

0         0 
0.49     0.14 

0.12 
.60 

0 
.30 
.62 
T. 

2.01 
.32 

1.50 
.01 
T. 
T. 
.13 

0 

0 
.16 

0 

1.25 

\S9 

1885-86 

3.11 

1886-87 

0               01 

T. 
.70 
.04 

.93 

1.21 

T 

tn 

1887-88 

1.08 
.06 
.08 
.93 
.19 
T. 
T. 

0 
T.. 
.50 
.14 
T. 

0 
.35 

0 

.84 

0 
.56 
.03 
.04 
.81 
T. 

0 

0 
T. 
.15 

0 
T. 
.09 
.50 

,V5l 

1888-89 

331 

1889-90 

.42       .01 

0           1 
.26       .19 
.71       .75 
T.        .29 
.35     1.15 
.45     0 
.10       .27 

0        1  0 

3« 

1890-91 

i« 

1891-92 

Iff 

1892  93 

s.n 

1893-M 

IJS 

1894-95 

2« 

1805-96 

iS 

1896-97 

1.44 

1897  98 

34 

18D8  99 

T. 
.75 
T. 

.45 
0 
.25 
.25 

)M 

1809-1900 

1900-1901 

1901-2 

3.49 

3 

18-ypftr  mean. 

1 

2.» 

' 1 , 

1 1 i 1 

o  Water-Sup.  and  Irr.  Paper  No.  81,  U.  8.  Geol.  Survey,  1903,  p.  427. 
b  Year  incomplete. 
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Record  of  precipitation  at  Camp  Independence ,  Inyo  County,  Cal.a 
JLat.,  36*»  50^;  long.,  118®  IC;  elevation,  4,598  feet.    Authority,  United  SUtcs  War  Department] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Total. 

1865-6(> 

0 
0 

0.65 
2.27 

2.42 
0 

0 
1.63 

0 
4.76 

0.16 
.53 

^3.23 

186b^7 

0 

0.32 

0.76 

0 

0.01 

1.15 

11.43 

1867-68 

0.07 

.32 

0.21 

12.19 

5.46 

0 

0 

.40 

.71 

0 

.10 

0 

19.46 

1868-60 

0 

.74 

.44 

1.17 

.16 

0 

.32 

.11 

.36 

0 

.03 

0 

3.33 

laeo-To 

0 

0 

.14 

0 

.20 

1.36 

0 

.21 

.27 

0 

.35 

.10 

2.63 

1870-71 

0          1.10 

0 

1 

0 

1.28 

0 

0 

0 

.30 

0 

0 

3.68 

1871-72 

0 

0 

.65 

4.70 

0 

.30 

.28 

.55 

.18 

0 

.28 

.12 

7.0b 

1872-73 

0 

0 

0 

1.18 

0            .40 

0 

0 

0 

0 

0 

.05 

1.63 

1873-74 

.10 
.40 
.01 

0 

.80 
0 

0 

3.40 
0 
.62 

2.40 
1.73 
1.51 

0 
.70 

0 
0 

.87 

0 
0 
0 

0 
0 
0 

.01 
0 
.15 

.15 
0 
.19 

0 
0 
.56 

7.06 

1874-75 

3.33 

1875-76 

5.27 

1876-77 

.16 

.26 

0 

0 

.76 

0 

0 

.59 

.69 

0 

0 

0 

2.46 

1891-92 

.62 
.98 
.09 
.12 

.02 
.02 
T. 

.96 
T. 
.10 
.01 

.07 
0 
.11 
T. 

T. 
.77 
.12 
T. 

T. 
T. 
.51 
.04 

*1.66 

1802-93 

1 

0        i     ..^'i 

.23 
.10 
0 
.67 

1.61 
.75 

1.89 
.08 

1.51 
.12 
1.24 

2.91 

.42 

1.18 

8.38 

1893-94 

T. 
T. 
T. 

0 
0 
.83 

2.34 

I8M-95 

4.48 

1896-96 

M.58 

1897-98 

0 
.01 
.67 

.16 
.02 
.62 

.23 
.03 
.22 

T. 
.37 
.04 

T. 
.01 
.08 

.11 
.06 
T. 

^,50 

189S-99 

.20 
T. 

0 
.30 

.   ... 

.10 
.85 

.20 
.56 

... 
.54 
.31 

T. 
.05 

1.54 

1809-1900 

3.70 

1900-1901 

.75 

.01 

1.34 

.13 

2.81 

.64 

.05 

T. 

.36 

0 

.10 

.32 

6.51 

1901-2 

0 

.65 

.22 

.06 

.04 

1.69 

1.05 

.17 

.(M 

.01 

.17 

.13 

4.23 

l^year  mean . 

1 

1 

5.47 

1 

i 

o  Water-Sup.  and  Irr.  Paper  No.  81,  U.  S.  Oeol.  Survey,  1903.  p.  427. 
^  Year  incomplete. 

These  tables  show  that  the  precipitatioD  i.s  not  only  slight  but  exceedingly  variable,  the 
yearly  totals  ranging  from  a  maximum  of  19.46  inches  to  a  minimum  of  0.34  inch,  while  the 
average  is  4.14  inchas. 

No  records  are  available  for  the  Sierra  Nevada  region,  but  the  annual  precipitation  is 
about  50  inches.o  The  amount  of  rainfall  in  the  mountainous  district  is  much  greater 
than  in  the  valley.  This  fact  is  indicated  by  the  condition  of  the  vegetation  in  the  two 
districts.  The  mountains  are  covered  with  a  luxuriant  forest,  characteristic  of  a  well- 
watered  region,  while  in  the  valley  outside  of  the  immediate  influence  of  the  streams  there 
is  only  a  scant  and  stunted  growth  of  plants  characteristic  of  the  desert  region  of  the  Great 
Basin. 

EVAPORATION. 

Rale  at  Owens  Lake. — The  waters  entering  Owens  Lake  have  no  means  of  escape  except 
by  evaporation,  but  these  waters  have  been  disappearing  for  several  years  and  the  lake 
itself  has  greatly  decreased  in  volume.  During  the  last  ten  years  the  surface  of  the  lake 
has  lowered  16  feet  and  m  1904  it  lowered  2.5  feet.  According  to  measurements  furnished 
by  J.  C.  Clausen,  of  the  United  States  Reclamation  Service,  the  volume  of  water  entering 
the  valley  during  one  year,  August,  1903,  to  July,  1904,  was  about  395,000  acre-feet,  of 
which  297,000  were  diverted  for  irrigation  and  64,000  entered  Owens  Lake,  leaving  34,000 
which  presumably  joined  the  underflow. b     Furthermore,  a  large  though  unknown  pr-opor- 

a See  map,  Water-Sup.  and  Irr.  Paper  No.  81,  U.  S.  Geol.  Survey,  1903,  p.  12. 

fr  The  total  includes  the  waters  of  1»  of  the  tributary  streams,  of  which  occasional  measurements  were 
made  and  the  discharge  estimated.  The  error  is  not  great,  as  the  discharge  of  these  strean's  is  small 
compared  with  that  of  Owens  River,  The  measurements  so  far  as  they  are  available  are  to  '>e)  found  in 
the  reports  of  progress  of  stream  measurements,  Water-Sup.  and  irr.  Papers  Nos.  100,  '.34,  and  177. 
U.  8.  Oeol.  Survey. 
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20      GEOLOGY    AND   WATERS   OF   OWENS   VALLEY,  CALIFORNIA. 

tion  of  the  water  diverted  for  irrigation  must  have  found  its  way  beneath  the  surface.  This 
water  moves  slowly  toward  the  lowest  part  of  the  basin,  where  it  is  eventually  lost  by 
evaporation  either  from  the  land  surface  to  which  it  is  brought  by  capillary  action  or  from 
the  lake. 

Based  on  the  loss  from  the  lake  in  1904,  the  annual  rate  of  evaporation  is  dO  inches  more 
than  the  total  inflow.  The  64,000  acre-feet  of  water  entering  the  lake  and  lost  from  its  75 
square  miles  of  evaporating  surface  add  about  16  inches  to  the  annual  rate  of  evaporation. 
Several  small  streams  whose  waters  were  not  measured  enter  the  lake  and  the  volume  enter- 
ing as  underflow,  although  unknown,  must  be  large.  A  rate  of  evaporation  sufficient  to 
dispose  of  these  unmeasured  waters  must  be  added,  which  makes  an  annual  evaporation  of 
considerably  more  than  46  inches  from  the  surface  of  the  lake. 

Rate  at  Bishop. — During  1904  evaporation  measurements  vere  carried  on  at  Bishop,  CaJ., 
by  the  engineers  of  the  United  States  Reclamation  Service,  with  the  following  result: 

Evaporation  at  Bishop,  Cal. 
[  Data  furnished  by  H.J.  Taylor.] 


Inches. 

January  5-31,  lOH 4.09 

February 2  21 

March 4.48 

April 6.41 

May 11.02 

June 7.88 

July 6.95 

August 5.24 


Inches. 

September 3.83 

October 2. 82 

November 1. 73 

December 3.21 

January  1-4, 1905o 26 


60.13 


TEMPEUATUUE. 

The  temperature  of  Owens  Valley  is  subject  to  great  and  sudden  changes,  owing  to  the 
wide  differences  of  altitude  within  the  region.  The  average  temperature  is  moderate,  as  is 
shown  by  the  accompanying  table  of  mean  temperatures.  It  is  not  uncommon  for  killing 
frosts  to  occur  late  in  the  spring,  nor  is  it  unusual,  on  the  other  hand,  for  the  temperature  to 
reach  100^  or  more  during  the  summer  months. 

Monthly  mean  temperature  at  Independence,  Cal. 
[  Data  by  J.  J.  McLean,  observer,  U.  S.  Weather  Bureau.] 


Years. 

'  Jan. 

Feb. 

Mar. 

Apr. 

May. 

1 

1 
June.   July. 

Aug. 

Sept. 

Oct. 

Nov.  1  Dec. 

Annual. 

1894 

38.4 
37.8 

1895 

1896       

.1  37.8 
.1  43.2 

455 
47.2 

49.2 
44 

57.3 

65.6 

71.6 

78 

76 

68.3 

60 

48.3 

58 

1897  o 

1 

I 

1898 

.    40.2 

.'  46.6 

1 

.    42 

1 

62 

59.4 

52 

62.1 

60 

65.8 

74. 2     80. 4 
74.2  '  80  4 
75.  4  ■  79. 4 

80.1 
72.6 
72.4 

72 

74.6 

63.5 

60 
55.4 

58.8 

48.2 
49.4 
50.4 

39.7 
43.1 
43.4 

1899 

1900 

46.5 

48.1 

50.5 
54.9 

58.8 
59.2 

Mean.. 

46.8 

49.6 

57.7 

63.4 

73.8 

79.6 

75.3 

69.6 

58.6 

49.1     40.5 

1 

58.7 

a  Station  closed. 


UNDRAINED  LAKES  AS  UEtJISTERS  OF  CLIMATE. 

OWENS   LAKE. 

Physical  ch<iracter. — Owens  Lake  was  originally  described  b  as  having  an  area  of  about 
1 10  square  miles,  with  an  average  depth  of  9  feet  10  inches  and  a  density  of  1 .051.     The  only 


a  The  total  for  January,  19a5.  is  2.^;  in  order  to  make  the  table  cover  a  complete  year  (our  thirty-firsts 
of  that  amount  is  included  with  the  1904  measurements. 

t>  Locw,  Oscar,  Ann.  Kept.  U.  S.  Geog.  Surv.  VV.  lOOthMer.,  1876,  p.  180.  Goodyear,  W.  A.,  Eighth  Ann. 
Rept.  State  Mineralogist  CaUfomia,  1888,  p.  227. 
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known  fonns  of  animal  life  inhabiting  the  water  were  infusoria,  alkali  shrimps  {Artemia 
salina}y  and  the  larvie  of  the  alkali  flies  {Ephydra),  which  developed  in  great  numbers. 
Some  of  the  conditions  described  by  former  writers  have  materially  changed  in  recent 
years.  At  Keeler,  on  the  eastern  shore  of  Owens  Lake,  the  Inyo  Development  Company  has 
an  extensive  plant  for  the  extraction  of  soda  from  the  waters  of  the  lake.  This  plant  has 
been  in  operation  for  about  twenty  years  and  the  lake  has  been  observed  from  a  commercial 
standpoint  during  that  time.  Mr.  N.  Wrinkle,  the  superintendent  of  the  soda  works,  has 
kindly  furnished  the  following  information.^ 

The  density  of  the  water  has  increased  to  a  point  where  bicarbonate  of  soda  precipitates  during  the 
winter  months  without  concentration  by  evaporation.  During  the  past  three  years— 1902  to  1904— 
the  surface  of  the  lake  has  lowered  at  the  rate  of  2J5  feet  per  year,  and  it  has  lowered  16  feet  since  1894. 
Throughout  the  ten  years  previous  to  this  date  the  lake  surface  remained  practically  stationary.  For- 
merly alkali  flies  developed  in  myriads,  as  described  by  various  writers,  but  during  the  present  season 
(1904),  although  the  larvte  are  as  numerous  as  usual,  the  (lies  have  failed  to  appear. 

It  has  been  assumed  that  the  failure  of  the  larvae  to  develop  is  due  to  the  increasing 
density  of  the  water.  This  suggestion  is  strengthened  by  the  fact  that  at  Mono  Lake  these 
flies  appeared  in  as  great  numbers  as  usual,  and  were  seen  by  the  writer  literally  blackening 
the  sands  at  the  water's  edge.  The  water  of  Mono  Lake  is  much  less  saline  than  that  of 
Owens  Lake,  although  it  is  otherwise  similar,  as  a  comparison  of  the  analyses  will  show. 

It  is  evident  from  Goodyear's  description  b  that  the  decrease  in  volume  of  Owens  Lake  bad 
a  comparatively  recent  Ix'ginning.  lie  writes  concerning  his  visit  in  1870:  "It  is  certain 
that  the  water  at  the  time  of  our  vLsit  was  higher  by  at  least  several  feet  than  it  had  been 
for  some  time  previously,  for  at  one  or  two  points  along  the  mai^n  of  the  lake  I  saw  in  the 
shallow  water  near  the  shore  the  dead  sagebrush  still  standing  where  it  grew,  but  entirely 
covered  by  water." 

Chemical  character. — The  water  of  Owens  Lake  is  strongly  charged  with  common  salt, 
sodium  carbonate,  borax,  and  minor  quantities  of  other  salts.  Several  analyses  of  the 
water  have  been  made,  c 

The  earliest  analysis,  so  far  as  known,  was  by  Professor  Phillips,  of  England,  the  exact 
date,  however,  being  unknown.     It  is  as  follows:^ 

Analysis  of  the  water  of  Ovens  Lake^  California. 

Parts  per  million.  I  Parts  per  million. 

Sodium  (Na) 43,395  j  Silicate  radicle  (SiO,) 90B 

Potassium  (K) 3,378      Organicmatter 242 

Chlorine  (Ci) 25,478  

Sulphate  radicle  (SO 0 12,929  103,fl05 

Carbonate  radicle  (CO,) 17,275 

The  following  analysis  was  made  by  Oscar  Loew  for  the  Wheeler  Survey,  e 

Analysis  of  the  water  of  Owens  Lake,  Calif omia  {1876). 

[Specific  gravity  1.051.] 

Parts  per  million,  i  Parts  per  million. 

Sodium  (Na) 21, 550      Magnesium  (Mg) Trace. 

Potassium  (K) 2, 753  '  Aluminum  (Al) Trace. 

Chlorine  (Ci) 13,496  ;  Borate  radicle  (B^  Or) Trace. 


Sulphate  radicle  (SO4) 9,363 

Carbonate  radicle  (COs) 13,240 

Silica  (810,) 163 

Lithium  (Li) Trace. 

Calcium  (Ca) Trace. 


Phosphate  radicle  (PO|) Trace. 

Nitrate  radicle  (NO|) Trace. 

Organic  matter Trace. 

60,565 


o  Personal  communication. 

6  Goodyear,  W.  A.,  Eighth  Ann.  Kept.  State  Mineralogist  California,  1888,  p.  241. 

«The  values  are  given  In  various  units  in  the  original  reports,  but  have  been  reduced  to  parts  per 
million  and  to  round  numbers  in  order  that  companson  may  be  made  more  readily.  Correction  is  also 
made  for  specific  gravity. 

<( Bailey,  Gilbert  R.,  Saline  deposits  of  California:  Bull.  California  State  Mining  Bureau  No.  24, 1902, 
p  95. 

f  Ann.  Rept.  tt.  g.  Geog.  Sur\ey  W.  100th  Men,  1876,  p.  190.  See  also  Eighth  Ann. Kept. U.  S.  Geol. 
Survey,  pt.  1,1889,  p. 295. 


Digitized  by 


Google 


22      GEOLOGY    AND   WATERS    OF   OWENS   VALLEY,  CALtFOBNLA. 

Ten  years  later  another  analysis  was  made  by  T.  M.  Chatard,  of  the  United  States  Geolo^ 
ical  Survey.    The  sample  was  taken  September  17, 1886.« 

Analysis  of  the  waier  of  Owens  Lake,  Calif  omia  {1S86). 
[Specific  gravity,  1.062  at  25°.] 


SUica  (SlOf) 

Potassium  (K) . . . 

Sodium  (Na) 

Calcium  (Ca) 

Magnesium  (Mg). 

Iron  (Fe) 

Aluminum  (Al)    . 


Percent. 


0.28 

2.13 

36.06 

.02 


.02 
.03 


Parts 
per  mil- 
lion. 


206 

1,551 

26,887 

13 

5 


Sulphate  radicle  (SOO . . 
Borate  radicle  (BiO?) . . . 
Carbonate  radicle  (COs) 

Chlorine  (CI) 

Hydrogen  (H) 


ParU 
Percent. '  per  inil- 
lioo. 


9.73 

.49 

25.16 

25.09 

.10 

100.01 


346 

18,300 

18,^0 

60 

72,721 


Recently  a  partial  analysis  of  the  water  of  Owens  Lake  was  made  by  N.  Wrinkle,  manager 
of  the  Inyo  Development  Company's  soda  works  at  Keeler.  The  sample  was  taken  in  Jolj, 
1904.  Mr.  Wrinkle  found  the  specific  gravity  to  be  1.186  and  the  percentage  of  contained 
salts  correspondingly  great. 

In  August,  1905,  at  the  writer's  request  a  complete  analysis  was  made  by  C.  H.  Stone, 
of  the  United  States  Reclamation  Service,  as  follows: 

Analysis  ofwaJUrfrom  Owens  Lake,  Caltfomia  (1905), 


[Sample  taken  August  21.^    Specific  gravity,  1.196.] 


Parte  p» 


Parts  per 

million 

by  weight. 

8lllca(SiOt) 288 

Iron  and  aluminum  (FeAl  calculated  as 

Al) 48 

Calcium  (Ca) '        34 

Magnesium  (Mg) 15 

Potassium  (K) 3,448 

Sodium  (Na) 81,176 

Lithium  (LI) 57 

Sulphate  radicle  (S0<) 21,174 

Chlorine  (CI) 52,808 

Carbonate  radicle  (CO*) 52, 326 

For  convenience  of  comparison  the  total  solids  and  densities  given  in  the  foregoiog 
analyses  are  tabulated  below.  The  first  analysis,  that  of  Phillips,  does  not  accord  with 
the  later  ones.  The  increase  in  density  shown  by  the  others  is  largely,  if  not  wholly,  due 
to  the  decrease  in  the  volume  of  the  lake  caused  by  rapid  evaporation. 

Increase  in  salinity  of  Owens  Lake,  Calif  omia. 


bywelghl. 

Phosphate  radicle  (PO4) 2» 

Borate  radicle  (B^Oj) 286 

H  (in  HCOa,  Na»HPO„  and  CaH«(PO,j,).  UO 

AsjO, Ill 

NO, 948 

Rb Tr»«- 

Cs Trwct. 

Total  solids  (by  addition) 213. 197 

Total  solids  determined 2H,« 


Date  of 
analysis. 

Authority. 

Total  solids 
(parts  per 
million). 

Specific 
gravity. 

Remarks. 

(?) 
1876 

Phillips 

103,605 
60,565 
72,721 

Loew 

1.051 
1.062 
1.186 
1.195 

1886  .  . 

Chatard 

Volume  constant  since  1876. 

1904 

Wrinkle 

Volume  decreasing  since  18M. 

1905 

Stone 

213,660 

Volume  of  lake  constant  for  1  year  pn* 

vious  to  sampling. 

a  Bull.  U.  S.  Geol.  Survey  No.  60,  1890,  p.  58. 

t>  For  about  one  year  previous  to  this  date  the  surface  of  the  lake  had  remained  atatloiuuT. 
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Physical  eharader. — Mono  Lake  and  its  environs  have  been  described  by  Russell,a  who 
afaows  that  the  lake  had  been  increasing  in  volume  for  twenty-five  years  previous  to  the 
time  of  his  examination,  the  surface  having  risen  from  15  to  20  feet  during  that  time. 
To  aid  in  future  determinations  of  changes  of  level  a  permanent  bench  mark  was  placed 
at  the  water's  edge  on  one  of  the  islands  in  the  lake,  the  water  level  at  that  time  (Novem- 
ber 5,  18S3)  being  6,380  feet  above  sea  level,  as  determined  by  vertical  angles  from  Mount 
Conness. 

During  the  writer's  visit  to  the  lake  in  the  summer  of  1904  abundant  evidence  was 
found  of  a  recent  rise  of  the  water  surface.  Dead  trees  and  shrubs  of  varieties  that  grow 
only  on  dry  land  were  seen  standing  in  several  feet  of  water,  and  a  road  at  the  west  end  of 
the  lake,  said  to  have  been  used  only  a  few  years  ago,  was  covered  with  water  about  4  feet 
deep.  The  island  on  which  the  bench  mark  described  by  Russell  was  established  was  not 
visited  by  the  writer,  but  at  his  request  William  Farrington,  a  young  man  living  near 
the  lake,  later  visited  this  island  and  found  that  the  bench  mark  had  been  submerged, 
and  no  measurement  was  taken. 

According  to  determinations  of  altitude  by  the  United  Stales  Geological  Survey^  the 
surface  of  Mono  Lake  had  an  altitude  of  6,412  feet  on  July  27,  1898.  In  making  these 
determinations  it  was  found  that  the  altitude  as  previously  determined  was  13  feet  too  high. 
According  to  the  later  determinations,  therefore,  the  lake  surface  was  19  feet  higher  in 
1898  than  it  was  in  1883. 

Chemical  characUr. — The  water  of  Mono  Lake  is  similar  in  composition  to  that  of  Owens 
Lake,  as  is  indicated  by  the  following  analysis: 

Anaiysis  of  the  toater  cf  Mono  Lake  {1882) .  c 
[Specific  gravity,  1.0456  at  IS.S*'.] 


8CHca(SiOf) 

Calcium  (Ca) 

ICagneaium  (Mg) 

Potassium  (K) 

Sodium  (Na) 

Alumina  ( AlsOa) 

FwTlc  oxide  (FeiOj) . 


Per  cent 
of  toUl 
solids. 


0.130 

.037 

.103 

1.795 

36.810 

.005 


Parts  per 
million. 


67 

20 

53 

924 

19,312 


Per  cent 
of  total 
solids. 


Sulphate  radicle  (S0«) 12. 480 

Chlorine  (CI) 22.630 

Borate  radicle  (BiOt) j  .300 

Carbonate  radicle  (COa) 23. 350 

Bicarbonate  radicle  (HCOi) . .  .360 


Parts  per 
million. 


6,319 

11^638 

154 

13,163 

4 


51,657 


DISCUSSION. 

The  statement  is  sometimes  made  that  a  decrease  in  volume  of  an  undrained  lake  indi- 
cates a  change  of  climate  toward  aridity  and  vice  versa.  In  discussing  the  fluctuations 
of  level  of  the  basin  lakes,  Mono  and  Owens  lakes  among  others,  King<i  states  that  the 
influence  of  irrigation  is  too  slight  to  be  considered.  This  opinion  seems  to  have  been 
too  generally  accepted,  and  in  the  case  of  Owens  Lake  it  will  certainly  not  hold  good. 
According  to  the  measurements  previously  given  (p.  19),  297,000  acre-feet  of  water  were 
spread  over  about  40,000  acres  of  land  during  one  year  (1903-4),  or  enough  to  make  an 
average  depth  of  pearly  7.5  feet.  Since  the  annual  evaporation  from  a  free  water  sur- 
face is  about  60  inches,  it  follows  that  about  one-third  of  the  water  sinks  into  the  ground. 
The  rate  of  evaporation  from  irrigated  land  is  not  known.     Were  this  rate  the  same  as 

o  Russell,  I.  C,  Quaternary  history  of  Mono  Valley,  California:  Eighth  Ann.  Kept.  U.  8.  Geol.  Sur- 
vey, pt.  1.  1889.  pp.  269-394. 

6  Oannett,  Henry,  Dictionary  of  altitudes:  Bull.  U.  S.  Geol.  Survey  No.  274.  1906,  p.  110. 

eCbatard,  T.  M.    Bull.  U.  S.  Geol.  Survey  No.  (30,  1890,  p.  53:  Am.  Jour.  Scl.,  3d  ser.,  vol.  36^  |||^ 
p.  149.    Russell.  I.  C  ,  Eighth  Ann.  Rept.  U.  S.  Geol  Survey,  pt.  1.  1889,  p.  293.  -^ 

'King,  Clarence,  Kepu  U.  S.  Geol.  Explor.  iOth  Far.,  vol.  1, 1878,  p.  525. 
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from  a  water  surface,  about  200,000  acre-feet  of  water  would  have  been  lost  by  eTapora- 
tion  from  the  irrigated  land.  Of  the  total  quantity  of  water  entering  the  valley  during 
the  year  1904  (395,000  acre-feet),  75  per  cent  was  diverted  for  irrigation  and  16  per  cent 
entered  Owens  Lake  as  surface  flow,  leaving  9  per  cent  unaccounted  for.  If  the  rate  of 
evaporation  from  irrigated  land  were  the  same  as  that  from  a  water  surface,  200,000  acr^- 
feet,  or  50  per  cent  of  the  total  inflow,  would  have  been  lost  from  the  land,  leaving  50 
per  cent  to  be  divided  between  surface  flow  and  underflow,  of  which  16  per  cent  is  known 
to  have  been  surface  flow. 

The  misuse  of  water  in  Owens  Valley  makes  the  loss  by  evaporation  much  greater  than 
it  would  be  from  properly  irrigated  land.  Not  all  the  water  diverted  for  irrigation  pur- 
poses is  used,  but  a  portion  is  allowed  to  spread  over  uncultivated  land.  For  this  reason 
evaporation  from  the  irrigated  district  is  greater  than  it  would  otherwise  be.  The  area 
of  irrigated  land,  about  40,000  acres,  is  comparable  in  size  to  that  of  the  lake,  about  48,000 
acres.  It  is  evident  from  the  facts  stated  that  the  rate  of  evaporation  from  the  land  is 
high  and  may  be  little,  if  any,  less  than  that  from  a  water  surface,  and  that  the  volume 
lost  from  the  land  is  comparable  to  that  lost  from  the  lake. 

During  1903-4,  when  careful  measurements  were  made  of  all  the  water  entering  Owens 
Valley,  as  described  on  page  19,  there  was  a  loss  by  evaporation  of  not  only  all  this  water 
(395,000  acre-feet),  but  an  additional  amount  from  the  lake  represented  by  a  depth  of  2.5 
feet  over  75  square  miles,  or  48,000  acres — that  is,  120,000-acre-feet.  Since  the  valley  is  an 
undrained  basin  and  water  can  escape  only  by  evaporation,  it  is  evident  that  this  loss 
during  the  year  was  515,000  acre-feet.  Had  the  natural  flow  of  the  streams  entered  the 
lake  the  rate  of  evaporation  (disregarding  evaporation  along  the  stream  courses)  in  order  to 
lower  the  surface  of  the  lake  2.5  feet  would  have  been  about  128  inches,  for  in  that  case  the 
loss  would  have  been  from  the  lake  surface  alone.  Since  the  actual  rate  of  evaporation  has 
been  found  to  be  only  60.13  inches  at  Bishop,  the  rate  of  128  inches  from  the  surface  of 
Owens  Lake  b  improbable. 

Again,  if  only  the  me^ured  volume  of  water,  395,000  acre-feet,  which  would  naturally  have 
entered  the  lake  be  considered,  a  rate  of  evaporation  of  about  98  inches  from  the  lake  surface 
would  be  required  in  order  that  the  surface  might  remain  stationary.  Even  this  rate  is 
greater  than  can  reasonably  be  assumed,  and  it  follows  that  the  undisturbed  flow  of  the 
streams  entering  Owens  Valley  would  probably  increase  the  present  volume  of  the  lake  and 
restore  it  to  its  original  size,  if  it  would  not  actually  increase  that  size. 

CONrLUSION. 

Since  Mono  and  Owens  lakes  are  comparable  in  size,  location,  and  chemical  composition, 
and  derive  their  water  supply  from  the  same  mountain  range,  it  is  natural  to  suppose  that  a 
change  of  climate  would  affect  both  alike,  yet  Mono  Lake  is  increasing  in  volume,  while 
Owens  Lake  is  decreasing.  The  drainage  into  Mono  Lake  has  never  been  disturbed  to  any 
appreciable  extent  by  artificial  means,  such  as  irrigation.  If  a  rise  or  fall  of  the  water  level 
of  an  undrained  lake  is  an  adequate  indication  of  climatic  change.  Mono  Lake  might  show 
such  a  change,  for  natural  conditions  are  there  practically  undisturbed.  In  this  case,  how- 
ever, the  rise  of  the  water  level  apparently  indicates  that  the  climate  has  become  more  humid 
during  the  last  few  years. 

The  glacier  at  the  summit  of  Mount  Lyell  (PI.  VI ,  A)  gives  confirmatory  evidence  that 
an  increase  rather  than  a  decrease  in  humidity  has  occurred  in  recent  years  in  this  vicinity. 
This  glacier  is  the  largest  of  the  numerous  bodies  of  snow  and  ice  near  the  headwaters  of 
Owens  River  and  Hush  Creek.  It  drains  westward  away  from  Owens  Valley,  but  is  at  the 
summit  of  the  main  drainage  area  of  the  Owens  Valley  region.  Its  form  and  size  have  been 
definitely  known  for  about  twenty-two  years.o    The  writer  b  has  previously  shown  that 

a  See  Russell,  I.  C.  Existing  glaciers  of  the  United  States:  Fifth  Ann.  Rept.  U.  S.  Qeol.  Surrey,  1885. 
p.  315;  Quaternary  history  of  Mono  Valley,  California:  Eighth  Ann.  Rept.  U.  S.  Geol.  Survey,  pi.  1, 
1889  Pis.  XXVII  XXVIll.  *'  «-       » 

^Lee,  VV.  T.,  Note  on  the  glacier  of  Mount  Lyell,  CaUIomia:  Jour.  Geo!.,  vol.  13,  1906,  pp.  2 
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A.     WESTERN  LOBE  OF  LYELL  GLACIER. 
This  glacier  is  the  largest  of  the  numerous  bodies  of  snow  and  ice  near  the  headwaters  of  Owens  River. 


Ji.     CREST  OF  THE   HIGH   SIERRA  AT  MAMMOTH   MOUNTAIN. 

Showing  the  precipitous  eastern  faco  at  the  left  and  part-^  of  the  gentler  western  slope  at  the  right. 
Photograph  by  J.  B.  Lippincott. 
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during  this  time  no  permanent  diminution  in  the  volume  of  the  ice  has  occurred  and  that  the 
lai^  amounts  of  snow  on  the  glacier,  shown  in  PI.  VI,  A^  indicate  a  possible  increase  in 
humidity. 

From  the  preceding  discussion  it  is  evident  that  the  evaporation  from  irrigated  lands  in 
Owens  Valley  is  very  large  and  that  the  decrease  in  volume  of  water  of  Owens  Lake  is  due 
mainly  to  this  cause.  The  measurements  given  indicate  that  if  the  waters  of  Owens  Val- 
ley were  allowed  to  flow  naturally  into  Owens  Lake  that  lake  would  probably  be  increasing 
instead  of  diminishing  in  volume,  just  as  Mono  Lake  is  increasing.  To  judge  from  present 
knowledge  of  the  two  lakes  and  of  Mount  Lyell  Glacier,  it  is  evident  that  the  popular  belief 
in  a  diminution  of  rainfall  in  the  vicinity  of  Owens  Valley  for  the  last  ten  years  is  not  sup- 
ported by  the  facts,  and  that  if  any  change  of  climate  is  in  progress  it  is  toward  a  more 
humid  rather  than  a  more  arid  climate. 

r6sum£. 

Owens  Valley  is  a  long,  narrow,  -shaped  trough  formed  mainly  by  the  deformation  of  pre- 
Tertiary  rocks  and  partly  filled  with  unconsolidated  Tertiary  and  Quaternary  sediments 
originating  as  lake  deposits,  river  deposits,  and  mountain  wash.  The  deformation  is 
assumed  to  have  occurred  in  the  form  of  crust-block  tilting,  Owens  Valley  representing  the 
V-shaped  depression  between  the  Sierra  Nevada  and  White  Mountain  blocks.  This  assump- 
tion is  based  on  the  following  facts:  A  succession  of  lava  flows  and  volcanic  craters  of  recent 
origin  occur  along  the  eastern  base  of  the  Sierra  Nevada  throughout  the  length  of  Owens 
Valley.  Hot  springs  occur  in  the  same  zone  from  the  midst  of  Owens  Valley  to  Mono  Lake, 
and  a  mud  geyser  is  found  at  Casa  Diablo.  Faulting  and  associated  phenomena  have  been 
observed  in  many  places  along  the  eastern  margin  of  the  Sierra  Nevada  and  also  east  of  the 
White  Mountains.  Confirmatory  evidence  is  found  in  such  topographic  forms  as  the  inclined 
peneplain  of  the  western  slope  of  the  Sierra  Nevada,  the  cliff -like  eastern  face,  the  steep 
escarpment  east  of  the  White  Mountains,  and  the  less  steep  western  face. 

Owens  Valley  is  a  barren  desert  except  where  it  is  reclaimed  by  the  use  of  water  entering 
as  mountain  streams.  Abundant  rainfall  occurs  in  tlie  Sierra  Nevada,  yielding  for  this  val- 
ley an  annual  water  supply  of  about  400,000  acre-feet.  As  the  streams  enter  the  valley  they 
pass  over  unconsolidated  detritus,  into  which  much  of  the  water  sinks. 

Flowing  wells  occur  in  Owens  Valley,  but  the  limits  of  the  district  in  which  such  wells  are 
obtainable  are  undetermined. 

A  lai^  amount  of  underground  water  exists  without  hydrostatic  pressure  suflScient  to  pro- 
duce flowing  wells,  but  power  for  pumping  this  water  can  be  produced  from  the  mountain 
streams  and  transmitted  to  the  valley  at  moderate  cost. 

Owens  Lake  has  been  decreasing  in  volume  for  several  years,  with  a  corresponding  increase 
in  the  density  of  its  water.  The  salinity  has  reached  a  point  at  which  the  more  insoluble 
salts  precipitate.  The  change  is  probably  due  to  the  loss  by  evaporation  of  water  diverted 
for  irrigation  and  not  to  an  increase  in  the  aridity  of  the  climate,  as  originally  supposed. 

Faulting  and  crustal  movements  of  considerable  magnitude,  accompanied  by  earthquake 
shocks,  have  taken  place  in  Owens  Valley  within  historic  time,  and  there  is  no  evidence  that 
disturbances  of  this  kind  are  at  an  end 

The  proposed  Owens  Valley  reservoir,  being  located  in  the  fault  zone  at  the  base  of  the 
Sierra  Nevada,  would  be  especiaUy  liable  to  injury  from  crustal  movements. 
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